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S IszOdz desfls! tcOBBIST

l tosBdzj@sOewW L dzj dzgd v Stz O h j2 MejHr Mts2¢dd
stsds yd mdzj Hd ¢ Md dzOd3] , Mistsdls o twWWHEZ 90ydz 2
Odzlstetsf G j dzdzr 3 otsLHj2Mlsodj d3. -f-Hetzf Hduzxcdtetgs Pd
(ImrrdAapHwils o e kEls?2 Ctdze jdydd t Mists2¢d
(tcOldWdydtese Odz0 o t sfMmdd A j HJ tcOda (dH fd3c JLHAFISERE
M2 or Ml Mdudsr § ¢ dsedtslsd S d, tsB dzOtc Iz )
Ctsdzd yJj Mlsvey @ A Bt OLCEYSTis o Jo  tsB syda rn to QL ekl
ftetsdsr Mdzj dedz' = d Is] te 3aQf fis Y dfiasCiitgssins) Cridobdaty Is J &'
i to d tc s Hsdztsdis Y Bakedzdites, 2000; Fiedler, 2003; Shields et al., 2015).

Il sdz h s o dzd 3O ded jH €S MiffWaAsB kg B L OG oW L dzj ded W
fstcOy jddwy dtHj2 d +SCsMmMdmlsjd 8 "BHJ yYdds2 yYi
Ctezfdzj 2h j2 dL Ctlster n BT d&ZO OoOtedw © 6. dj9ojl
fsfmdzj Hiplse dw N ( tots Cdstsizit " fstOd digisdzsdzchs J aig teB  wefmtsp ,
9 COyifmbe fJtedddjmMd (cdzOodzr i3 BB LOL 5, { cOdzy J
19621971 6¢. (AjHBtese, 1993). 1 ©OLd& & flstsOdsC
dimlstsudzd Cso I mrr ! (dh@zE&@0" jdgds d-  gdhMhdd.
L dzOydlsj dz' dese s fydad 3 j ded W f tets gt h dzjsdzdsron @ 'tsB todg it
ZOdBtsdz? "2 9CdzOH © tBh k¥ 1 B3IdMMds I mrr/ A ftod
My de Oded v , 0 Cdzs YO8 h zHs tots dzdf s 3 dys[jidzipy flrgj@dedflg B Is
f tod tctsH dz' j (Fiddisrp2@1s Dwyer, Themelis, 2015 t sL Odztse , ), u 8] dnjot,L d
otLtcOMIsOjIls OCkkzOd dtsfmils! dBsddlststeddzc @ L OCteW L dg
dimlssydzed S s L OctewW L dgj ded v .

I mr/p 5B czOH@ftdsts Sdf o € Isitestsds L O o o e’y Ay d W dsupderin] uJ fr
LWWjClstse tsls tldzsmdlsy dz' des ftetsfls' = Bdaddi3dud M
e ©Cyd?2, 9 Cdzt yoOw (VanjdsrOBergdet al., 1§9;-Bymbaumuomisto, 200Q)

1 0yodzr dz''lg" ‘WFFEMJdeso 52 dJdzlssECMdecOydd ftetsw o dzw s
d/ ddzd twjeckdzvydd OCIkdodesfmisd Bj dz€ tso, fsCOL Ols,
(t 2dBOC, L dRdetso O).1 ezt ¥ ts b5 thats éz0 Y 2 Gz 4 O ldiiscz s dzf joAtsSindsa
HisfMisOls giuyddsy d gff MS dr f tetsw o dzj dad 2 ) 9 dHj f stcOy J
dzgj - tsHY € ddzMmC 52 dzd BW s 3" MOtC tsd3 BYeECd2 IS Odzj
tcOL dzd ydzr 7 BteeOdetso d MdMmMsjdd M HBMisse j odats kMl
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ntetsded W4 MS dodsf Jods L ) SEgfipd jdztst® fotsdzv sy cHdBSSE M detso O
Htec. , 2006; {(;Bdkc@®ictdzswtsg. | 22AWE9 [ OL Ot dzC 5, 2010

lted driEydddd tBhdrn LOCtSdtdk cdsMisi?2 oL Od @3t
d BttcOdzdL BBse dzgj sSBrSHI®BS Eydls™ o Ol mr B Vo dAm
dzd f sW d dz¢ dzr osd fudgidHLdodzjud@Rvors] EZMmists2 ydor €, tc Gusdethyy,
9 Byl dz B cHsB@ZE ¢ dJdisj dzZhdo dzets?2 BdOC C 23z
Yjvfsitst stsBz ftedodzj S O Is o dzd BOdetf§L o dsjy 8 b 'd j B of todsd
sy Sl Mmbjfjdd SMHfsLdydd MmMOBkds StecOddL @3S0,
sCtolkzy O h j 21 tefigfte j HIsBwWPMis Iz & Istcj B Ismw dzj bssdizi € o
Ctsdzd yJdstevsL dgv s h = o h jMmlse, dzs sOC x4 tslse jdsiIs
dmistsyded ¢ Or d tolz lsvtdic Ofdfs(R @ign 6 dzg Wz 5, .1 § tzff 9 C Is g 6 dzB )P
BdsddzHdSOydd L Octew L dzj dzgdw tsCtelzy Osh j2  Mmtej HT |
d dzf s tc Iz d3 jOdzls © dz'd dzdvded d € O HH j dzj dzd § fMtsH j o Odad W 1
f sSH B tcOdzdz" ~ Bddztse dug MAEE sykmaylsjo qldsQ Az! dzr o3
d deffls o iz a3 dzls O dz! dz" 3 O dzOidat{AsLdtae) X o GEtc il Ak qstERieds jd) |
o MsC sE s  toOL-ftoy b tj)dzefty H (S s B Bt W o jOeIARI9) | O dzdz'
f SHRSBHZO M@Z) I Iz ¢ b & bfl ts d dzif) Is si@digfigo ¢ f d 30 dzts Gtz tistiedfsld  d
L OGteW L dzj dalf i s EShSidBsiQlzls[€ @ ted ¢ dzi todi' ,2 jdstnlsd@je Istcj B Iz
f sHIso §fiod i OO dzCaifgfta tfgiclz L OC toovts deg Wzf i dzed d Gl @F ik
BdSHEBMisEZY dts?2 yOmlkded @€ ®Yydzj dgdy &3* d fesyjHizte!
d Mmthoswdsdsd sy dBtse Ctlzy 0 j2 MtejHT

17" Bstc dzdsy jELidjimCHsds d dzH f € Odgts[did Is tstf b dzen @ dzw | Is
HeMis kY dais@figtf s Mmis tc O dzlsdaz®miglls) tlz) dzs?2 fesmMissists?2 Oda
MY tstse dgdndsAsls dz tolsy! O 6 to W jisdzjtedzdy O M j (Espifmed §l.142016) § o M j 6
mMeh jmMseakzjls ftow dgOW Mo wLL ! BdYHE kRtttseodzgjd&s d =~ O
Mejr' d BdsdscdyuyjmMSdn } mpi jok lststec O didts fighs zdf dz €24 I
sfted Hj dzvs Ismw  d3dats y tf B)dee sFedhjO astelsBstsW d yj ME 52, MM
sBtcOL sd3 Mmyfda i, dztflpis § ® d H 2 Odz' dzr § tc =Sldag (€ O/Isn YJtejlL
sftse | dzdaBnls@erfazdmtgts g dzH  C O s O R Bsckls Mdzzy dls:
(dtese OV s Odz , Ctetso ! ClokzHdts] Bshst ts) . 1 B
Ctafly ke, MsHjteyOddj o ddr HdsSMddss J Hiskc
Msjtfjdd M twOydsdtsds § JlsOded W, dzj 3 J dkeke Bunce Ol L
Van Overmeire et al., 2006; LaKind, 200R) ¢ dzt yj dzdj Mtsmls O9o dzw & 2Asts daspls
L dzOydlsj dz' dzlz ® yofyls! cOyYydsdz® Ctlsstc’ A fMtsMmis ©o o
mMtsB Mis o § dztletf c & Madois et &., 2016; Colles et al., 2020) s+ § tcd 3§ ter d f
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9 COvyd mMlse j B d =dHdEH]doS]OrisdistieEHC teiteh s @ KRS ¢ al., 1997; Miyata
et al., 2000; Weiss, et al., 2000; Ok et al., 2002; Hanari et al., 2004; Komichi et al., 2004; Carballe
et al., 2006; Chen et al., 2006; Augusto et al., 2007, 2015; Augusto, et al., 2007; Bochentin et
2007; Guéguen, StiljeMill et, 2011; Augusto, MaguaBranquinho, 2013; Hermansojohnson, 2015;
Birke, Rauch Hofmann, 2018; Dreyer, et al., 2018)tsy HJ Wj jeq [ O2 Mistcj dzC 5,; s
Henriksson et al., 201,733 deldgidzj ¢ s d I{Tambagd Walton, 1991; Murtomaa et ak007;
Roumak et al., 2018)) OcteW L dzj dzad j o SH dzts?2  fipts jBHS™j H dtE[uz IsB 5 IS
tc O ¢ tsts Bitd Bts dztiaf (Fjétcher McKay, 1993; Van Der Oost et al., 1996; Knutzen et al., 2003)
1 t.od Lilstsds L dzOyd dzd § dgd3d 4 Is dzj stsdz' €5 HeArtsBHE |
Bt ®Olj ted @S s ugmEmiso O, IO QI MEEB tc Oxp" dirff?
tcOL tc OB 5B Oiffis H = EHOO,dzO dzd[ LY | te; hjJote f(Batframm, 1997; Jasperst al.,
2014) v tcj Hd S I G HISIe (dE) d B tshda) tg sk fitpf s dz/ W 2 sylg@infHebert et al., 1994;
Choi et al.,, 1998, 2001; Pusch et al., 2005; Morales et al., 2012, 2016; Muusse et al.¢f 2014
9 stetsB ! d dzts(BredudRs etial.,2010; Eens et al., 2013; van Oosten et al.,.2019)

JHded 3 dL ZOd B sdiggj JfitsHsOs HH A § e 2@y e s L
W dzv B YOS i3O0 " dedzAs dzOr sHwWh o fmw zQ figo 1§ B t HodztE dS
tcOMYy etsis tefOeg ik IR  Is Oded W ; slsetste d bttOdhf stcls
MeOo dzj ded* M Hzeddd sBdodsedu MS dddH jdsedied O d
zdf JH s sBdzj e yYyoOJjls tsftcypyl dzfstiiafgl f el 6 si¥ deizs 2" A dz
Csdzd yd Mlso s f s YBI5jQ@LdE - TESUWls ddiEGangi, Petrlik, 2005) 1 telz ¢ d d
ftoj ddizzh jmMlseasds dMmftsdz' L so Odedw Chktedteyg dzWdf yL Odte
sCtelzy O h j2 MtcjH'™ Wiolswly Mse idgjYldsMmtcj HMiseo j dzder A3
fsLotsdzw jIs IsOC oH dzvs yuj Hodg@sits p defidflspidy] dzd tetso Ols!  f sMilskzff
Ud s asjO®Ptc j H j dzj dzdj Ektetseo dzi 2 L Oc tdvdg dajr dzdfptidsywizd o &z9 s
ftod dev s & 2 dzd to zdsihtef = f S ts G tc D tiztf tg b glzd ez dzd W ftctsH Iz
Ydotslsdatso sHMIsoa © Hdzw Mmdaed ¥y § ded v (Colledset ddyy 20218 figlgtsti v ds
ftojndztsy j dedv tsB jdifffusizs k@@ dal § o y @ &B3d tetso Odzd d
Ptocsodzj 2 LOcGtwWL dzgj zfletcf sizff sistf jsind&sidds C lz0d B sdz! h
MteOo dzj ded® M Htekzed®d Mmjd Miasnth)y v My b gedzdaBd o
f otsH iz ¢ yd@Veberetah @018,019)

1l sz s f eFml jzg Hzd Mk My Pdzh Oy dzs?2 L OHOYJ 2
L O¢ teWitsigjtedech) O¢ N j R d t)%efy dvda@ipycgiHisifpizls o % dfSHOfmlef t8 u dedher tho
sBtcOL 2 OB sH Y Isficlz ) Otfiftejjdd p d Higdzs ) diEsi?] B dz! M B figdzO
d dzH d o d H &=y Hdef Al SR | ) tedtlotsidias OL dir B j 2 tsB tcDO tisG Disizl
tcOL dzr 2 MmMtsmisOo Cds ddg tp s dzts™ | dedsie ©A. d dfdic SIsv@[Cdzf ) 5B 6 O
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ftojHMsSOoa dzv s Is M2 tjL bkzd O ddzts ¢ ts dzyf Eydzjsaytezd §
s s d3g kG ts, ) Isd wy @d jteDL dzdby d33-tedal3d di oy CddfSats
dqdzHdo dHEZOdz dgf » CBBdeGj dzj s HesdMrSHJIS IstcOdzmW t
LOBtEzHdw jIs dn § 1 Jj ais df W ¢ @y dzdQ@ asteV L alzg datf s 6 d u
fetsB OR Wjb gevjdijfgitsy dz@R QU 2Myujls HOdz dgj 2" j2 IstcOdzin
9 d H B IsLJO Rjts dzfe) J glzy bt &3 dalzO € s dzj dzd v 1 m{Asséfaet &, 2B G O «
slsjfjdz ©OLt@BEPdkdzsMmisyglss w2 yo Cdstesc HO o d
BftsdzH  C Olststetsds L OG oW L dzj dedivd ts€ §f @rpakdih Petdik, 2985) Hits
M tsd Cdfistgq@posdOc tow |, digj dzd y.2 yg fgdtsdzj H 59 Odzed W Mo
Ymrr/a o §tye @A ufe 2 §O8HE @G udetc Odf dedete  Hj dg" o
COCHdts BHAdSGT sfdztse dzts G s dmistsydzd ¢ © L OGteW L
dzj Mtsf J o] tcOB Ols' ot td @R WD ES NVdSIstRdz! 1CCt d 9 O dzj izls T
n kz d3d3©E tdzdzy judigHaly et al., 2000; Air et al., 2003; Pirard et al., 2004; Van Overmeire e
al,, 2009) 4 B Odzdz' G-tstede § difS\HAjdie Y Oded W BSISH § dz! 18D &y JS Steiz6 {F @
MsHjtey OdzdwY I mrr/ A © ddzhndeodHEZOd d' » w2yOr d
d i dziad@e @ dzOddL dtetse Odzd f)! \ Jn By LOD uagiatz jd3 tsty) Elaes@Usy * . d H
fiJjtwwoduyde » dMstsyddStses Imrr/ A s O0dOdzdL 2 dr o
Ajdz2 dhmdzjdhtoy@ded v o0 sL sy detsfis! dMf sdz? L 59 O dz
9 COyJmlsej BdBddzH d ¢ Ols®OE B j tadidyls dqi€ylj da @ ¢ tedv L Bzj dzc
f sdzd m dztste tetso Ocfr'dds M flEOdTL tf HdB J dzL W 2t OdzO 3] (
1 OHOyd dMmMmdzj Hise Odad v :
1. syddedls! Ektesoded d ~OtOCIsjtc LOcGtewL dzgj dzgdw H
fsyes o yYyOmbdz ndzndsSLBOMisdz@m b jel®OdzO &30
2. dLEzydls: fneo w ! sBh jets fMBHjtey Odad W Ymror/
Ctsdge j dzgj tes® o §fmsysOn M dr MBHjtey Oded j &3 o
3. drEydls: oL @y dsmls! dqHjdsdWdSoOoydd fJited
syjdzSd drBb § OB OcYisdz] dzdj 85 OdzOdzdL &2 { to
MmMosBtSHMMSE o' ¢ zdzj
1 Oz ydzOw dztse d L dzO
Ifijteor j ftetso jH]jdts BOMDIS am de] fdz' d ftf i) @iths® Wlstig
Imrr/vad §lzte dz0 Mo tsBtse detiydstsisd GlRig odz ¥ s dzdf pdg'e -
11 4 lsdzOBBO
Ifiteorj MmisOlsdmisdud M¢d k& fMls Ofgisdyddc) tetatsts 2 dzO%das| drngf J
Ctsdzyd dzelstceOyd?2 Btsdzr "dqdzmlso © ddzHndo dH kz © iztedz’dZDd (s dze
9" Gkdlzg Msslso jIsMiseaze 8 dAh JEsYB@G- HJ O OL sdzj dzj € tsd
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f stydOdz: des odzdwe h dr dzO M dzdzsMB dots 8 §f 6 fzBO s ¢
tc OL B ta POy J figas(H | toy O dzd W Ymrr/ A facj W PEBm] dz$ Gztern o -
I sHlso jtey Hjdes Btsdzj J ddelsy dzmMdo detsy B s5dzOC st dzj dad §
fts MtcOofgej dad *Ms ¢ t5n dzis to  to TGz dds . ! B RS OJ2O- o SL
dHjdsdW dCoydd f§jteoduds n dfMlis®dz@aflfftusinW @ @ frtd jan jed
Ctsdec j dzgj ese ® WwW2yYyOR GCkte, O kOS] §msk{y dj dd"
dimlssyded ¢ s (fsB3dBs fsys’ ) .

v ittejlsdyi MeoOvw d fcoCtriplhs OV L dOoyd ismis:

849 JHJddWw, i tsdzlz uJ dedz" § ) nfSH tc OsthisB J dzdatsh
BdtsdzO6zggy dz mrr/ A, MowrLd HIBCMddsotsets L OGtW L dzj
O OSY) o® driujddj ftspdzj 3™ dHjddsdWdCoOydd d

g HwOClsdyj Ms 2 ssySd Ltejdedw HOdzdzOW tcOB s
Bsdzd Iststcd defgfgezj K tso Odzed 2 , Hdzw Byjdetd tdmMise HA&
COLtOBBISCd dsttd®Olsdotss HfkMmisdd 7 Ctdyj dlsted®y
Ndotslsdzso sHMIse O.

[ ibsHtsdZcedYy d d&jlstsHr dMmipdzj Hise Odzd W

[ OdzdzOW t©OBSISO Mhdse OdzO0 dzO0  dfjdds 51 Oy ¢ df §lzizS ¢
LOGtew L dzgj dzgdV¥ Sty O h j2 MejH' 5 O0dOdzdL 2 MBH,
BdBslsj or MsSCsykzomlsadlsj dz' dzf d3d d Mmj dzj CIsd o dz' dzd
dMmf sdz' L 5o Odzd & O Is =dPR @th Is@ Is s ds’ Ms© iste jsh j dzd W
falithdLtsfd i3 ©Of B09 tegzdzy [ 3?2 f sdzz yd s BOC fr
HesMissod dgiASR BOYydd t ojdzdydds MHJj ) Oded "R L& YyPiz
st j degdets s dMf sdz! L tso Odzed W 9 CoOyd mlse j BdBdec
Imrr/ A wdy Skt dz0 MmMeossBtHdsdE of clzdzj C0OC HBMis
LOGtW L dgjdzedj fByYye' Bi jCIO.

l sdzsy jdedw, or desimddzr §j dzO L Oh dlskz:

1. c2Y0 Ckt O MmotetHMBSHEYHS s Hegs dis dC Ol
LOGctew L dzgj dzgdwv tsCtelzy O h j2 MtQIHHJT S 0 O Hzs0 "G @ D of dEBf |
Ztiotpld®Octow L dzj dad W , s § to txfiy d i ts Big Qifpfdnjlst j dzj dzd W € s
nOtcOCIsj tod | o f dilgs soldag S / A .

2. [Mdeso dz" B dMissyded S OgEJ SIvgdid A ¥ ydd@Es 2 Is jy O
weodzw s sfyw My d ¢ Oded jz' BT st VMB R B yntieelzl ° o oz
Ols d3ts W § tedz" 2z flJ to Jj dptmfigzts Apsd CMY J ydW Jud M3 Jtotsw d
Imrrd [ tcOddpicej dednls Ols tsydetsj o dzdtyededQ te @Sz s tc s 52! €
dLo jMmlsdzgr = ¢cotewydms IsySoOne, dts d dzO0 Isjtetcdlstste
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J dydzr 2 9 C &ZOH MtsdmE Ols § dzv

polststc dzdydes EZyoOfmlsoso OO o tlkkpttg. fotsastsiwd:
L IsOf ftiocsBtsf sHEBIstso € d, o ¢ dzt yow 1 CMlstcOC yd s
~losd30OIs 56 tc © 33, sBtB N j dzd § f sdzlz yJ dzdz’ n H Odzdz" =,
f sz yj delgrtccd Qglese ¢ g kB dzd S Oydd.

vlsj f pemsse j @@zisfgls Poyjdivkz dz s Olsts o

t OBBISO ftotseo sH ddzOMm:! ) 0¢ ¢ ] K dzlsiay dc@atzdzts 2 y Ody(
tesmimd2mM¢ dna d dBBd Y HEZdZOWGESH dz' ~ gqdzls j cC Odzd B tc Oy d
58§ MY j ydio@ddgifmizj dzd § i3 Mo tej d3j dede’ = Bj sBsHBo  OdzO
Codzlstetsdzv € OyJ frdseABIS '@ dtcL] i dry IsIsO@dgl i MddrO B 5 tc © Is Btz 9§ d Iz
BN HEZZOKGEwdgj s g d & J dzhed3BE International Symposium on
HalogenatedPersistenOrganicPollutantsandPOPsDioxin 2013(u 1 gt lzj fiptits tg RH 3009 G Iz i s
2013G), I sstets?2 di JLH OdOdzdIlsd 2&re fit jdEishydedic (df Bdiit3s] Og d
h C s-z@det j o dzydw ¢ ¢ CIlskzOdz! dzr § f tetss dzj o3f 1 Cdztsc ( «
Py dzr né ([BCoPic] &8l 20h4 cemfyd2 MC Ow CtsdeW j toj oz
yofmisdd &3 cmdddud M&d2 OdzOdA2 dpts i3y ta, Y 2GRS gl o fi
Md®Rf sL dzd Sdsdg § Bgz@ydY BsdsH' ~ dzrg do &d ¢ ©s sz
fesyj Mtz rtsBOISSCctOW d d» (B \Bk,p a & t6ts GiEsWeBtdsiv I @ €
oM csMYRdmE j e fddydOodzOdzdL 2 tsBi j S Istse s ¢ to lz yH@iEr hd3 :
Zyomilsdj ds ¢ ¢-206WD 2O gz Bzd ¢ @@L  d & dgv .), Ttee 139th Igternational
Symposium on Halogenated Persistent Orgdfidlutants Dioxin 2019 s d tsdstfsts dzg5v30
Oo ¢ zMils O HPAdYE) J oS YR T G s dzd3s M 3 3 H 2 dzO telag Hsdf'C B
HdzZORB S O tsB d3] dedzz BzH @ Bsdpls Qpsdz | f tctsB dpj(fd3s ff (Sh8® a r
2 2 dzts W B)feThe 42H0 Idtérnational Symposium on Halogenated Persistent Organic Pollutan
Dioxin 20215 dk6%¥ iz dp2tdzey ils O dzylz tsE@AMYs] J

1 EBdzd €.Oydd

I s tojL zdz' Is CdfCip die/ QetEldsDdats df z to Ay dEAs-d3] dzH t5 9 O dzdz'
Olsls j Mis Oy d sfgzfigs®  tfKissdzdimd dzed Mis j eMise j BB OL 59 Odz§d
MisioBd M ctaR@fsCjA] Odzse S tsdeWW j toj dzy d 2

dlstczZCIsztcO d GBI ¥y d&3 OB SIS

rdmmd esOydvw MmehiSsddsOod Ld oLo@SHdgedagivdzd v . uwlJ7¢ Ml
Mis tc Od3dcd ,mir daSls OB ded B Mdzts o dzts d3 Is §rSofn 19 jte dddztsAy | Isi@{Bddzd y

1l ZOGtsH Otedztsls d

C or cOYf OE toj dadzs & ftodL dzOlsj dz' dztsfyls ¢ d B dzO ¢
tczCtsotsHdIsj dz¥ 1l otsH ME sz [ W ddo3iz H Bz dzs o d ykz
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OdzOdzd Isd yj M¢ 2 1 Cslss¢ Md ¢ sodhpjchflaft tc ©f dzd@pissh  { o H H | 6
otsL i3y detsfls! dMtf sdz' L saf@fpd H&z h BB s lis O EeRdER ™ dijo
tcOBBIsr d Stdlsdud Médj L OdiicuORalf® ¢ HECHAGdAMY Jd§" R0 2] v
fsdits: Metstej HBOBHacH PdzPd dij IstsHBs A dEiafCy o Hsfiplds
MtslstczHdzd C O3 ¢ tsdztso dgts G 15, ftoed BstcmC 56 5 d oy dats
11 jlsdzOdBBMEtsets vtesfdyj MEsets Ajdste® L O MisH | 2 Mise
SOCyJ dad f sMtcj HMlse j dedz" d3 EyOMisdzd S Oz + SMYI HE A&
U Iz Odg, 161 dz vnOdy ;ukpPliOMddidado.Bs2d @ deiptsH j 2 Ml
ftetso jHjdad O tWdOBUs)” , L O yjdede | Mo jlsr d By
AN sSIsdMmissas?2 1 .5. LO Ctdhizd IsOydes ftod § sHdESI
MisOlsdmisd yud M¢ sEOH@OsEdE 2z ; [ .fd.tc ¢ @dBd @&y WER { Is.dfts.h
ftoso jHjddd 3 zOBtStcOIststcdz CodzdzsC o 2z d3ts o fmt
 sCkyojo0O wjd3j detsoalz [ . 1. LO Ctdffizdz sOyde d

stec Odzd Yy MSC sz g®d this@tzy |, MoOssls Mfidi! sr S Solz O .
Il slsOhdzgdSsolz . 1. LO d@stcOdz dgze fsHHjtoy Sk d dzj
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L o11of 1)y [ftrRUT T QULT 3

1.1. [ mdets o dz' | frifetssi2diflcdatte d teHsd ©O daflmn § s ¢ ) d dzts
H d B jisdélz tc O dzts o

111. vt gL R B uj M6 &2 Miso O

l sdzd - dztste d o tsed@dpdipHig SC Md @2t mr 1) odzdr dzsted tots
HdB J dzL B¢ EaPaz)lseEssdz: &€ Bk Y B to sy d Shp]jun ofipl i@ dsts s tor
MsMis O de®is s BOIs Ot AR 9@ L Oddzidza] M s B HsR Iz W3 ) dzts to syt SRS O
ofydzlz v @ §s ¢ Mttmtsdae fasizlz W @ jo OdzfsBj * HARIOIs s BEASEBJ s H fldzj
Ol sdg@dgzj BEBOJd W ¥ B dM6 Y 9 (e deplzd)f( [ O2 Miste j dzb 5,z HaiR(dBds
1996; Fiedler, 2003; Shields et al., 2006, 2015).

9 O 1 9 1
7 3
7 O 3 O
6 4 cr ° ) Cl
Cl, Cl, X y

{ iz S s stk § Is ZWeEA (sl tzs dzd 7 dzts to d o k5  © jifte oEts € ) dfizts o
ftsdzd R dztsted et Pdzdzts & 2 to O dzts o

ImMjets fmkh jMmiseo iz j € dz¢ §idegHsldss jddgj toelz 7 d dzd B tsdzj
Hiekze ) Hiketsd® §t fesdmn sy Hj @IPAC, 2068tk Ciszgj 1
Ctsdge j dgj tets® I mrA. dwtjHd 1Isdr 210 fMmtsjHddzj ded 2
2,3,7 s@dOH@sls MY jydwduj it dopdabthistpalias § sd e j H
ctelzdfr Imrr gds IMmspiA § d2v 3 I dztefdddss jAylsve 25 M d d3
L) eso-L OBk " 3 dzdey 8 dL k) teso .
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s O Dtz ¥ mr r A Misg f J do¥ d3 & dzty deff dedtslp) Qedscp®,  3,3,7181s o3
L Od3j M j. dedzr n
LeffO it ¢BBtejodstsdzdujlenij |stddyud
ndizsted totso Odzd W Olstsi3tsg ¢ tsdzd ud 2,3,7,8

nlzstc O |[dLtsd3d WL Od3d M J

dL sd3j te
rdss mdde
| sdetsn dzstc#i- f szt f mr 1 1 2 0
I ¢ dzsteH FpHiB S d 1 mr T 2 10 0
vtz tcH FBHIJim Ssiyd (s temy | 3 14 0
U J site@steH BRI R SSh (o m T 4 22 1
1 J delsdts to H cftpHj il Sy (1 j m o 5 14 1
1 d Sig@s e H FpHidm Gtsiy ¢ | € my 1 6 10 3
14 Rl o BRSSO § mr T 7 2 1
[CB@stcH FBHi S d [ mr T 8 1 1
[Bhij Ctdzdyj Misg 75 7
A Iz tc Odzr

[ sdetsn dztstcH d B j daL | [ m[ A 1 4 0
[ drdeHtB | dzL SW 2t O m[ A 2 16 0
vt dzBteHdB J dzL SY U temy A 3 28 0
U stcOn dzisteH d B J dzl u m[ A 4 38 1
1 jdzZlsOR dzstcH d B j dzlf) j m A 5 28 2
1dSMOsdzsteH B J dz{ S mT A 6 16 4
lJflsORdztstcHdB j dall 4 f my A 7 4 2
JCOr dzsten dztSteH d [ m[ A 8 1 1
[Bhij Ctdzdyd Mlisg 135 10
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Imrr/ aej HMlsOoa dzw s Is MmtsB 52 Bd Mye j Isdzr § Cted Mmls
f zOo dzj dzgdw Ctslsstcr » L OoadMmdl tslstc®fsls § § dad d3'~ dzs to df
tcOMmMlso stedIlsj dzv 7 d HOCIsdyus BEYW daj cPdgls™ stc@bgy cpH .
sClsQaasid fftcdoe j HJ Bz’ B zOHs@eBlslzd @ MtsC 52 OHG J L d tsdzdz
ydfmdzg ¢ f¢tsyej, Yyomksdys Oz L tsdz d HBdzdz" d3 fsilsdz
BfcOydd o odHj Cbdfdjthse f StcOddujntddd
fdhjor j {(ensjHHztEdstse , [slt®jodaS; s, [ ,OwWoRzdgdsSstee, 1996; B
Ol i3l pep / A 6 OMY ta]mjrecld 1 @26 B o | to HY @Fqfls d, f @dfds ts d3
Ctsdze j fipg dzg J s Hdy dzj 2@ ff (i) dzg grtste d to s § @dgdz)fzpits'dz’ N j
s J §dp@E]ts Ho'G 1Ofg No@x(Shidds et al. 2006 2015)

v O @p@ . st Wl dopdnfdely Hj dzj dzad v o -o g ¢ BEKIZH dz's & 1B-O et
LOd3d h j dedzr » § tsdzc (Megkatg ¢t al., 2008y 1 / A

s 5dzG § dzj log Kow s 5 dzG § dzd log Kow

2,3, 7,86 m1 1 5.388.93 2,3,7,86 m[ A 5.827.70
1,2,3,7,8 i mr 1 6.497.50 1,23,7,80 j m1 A 6.47-6.99
12,3478 S mr 1 7.1210.89 2,3,47,8 j mr A 6.567.82
1,2,3,6,7,8 S mr 1 7.589.13 12,3478 § m[ A 6.927.86
123,789 ¢ mr r 6.9-8.02 1,2,3,6,7,8, S m1 A 6.937.96
12,346,778 § my 7.4311.98 2,3,46,7,8 S m1 A 6.947.65
Imrr 7.5913.08 12,3789 S m1 A 7.007.76

12,346,778 § my 7.379.25

1,234,789 § my 6.908.50

I mr A 7.9013.93

b mrip dd3d sds’ s Cdzd d3d ud fdSlzjste d3d y jdffldzs? y.d @ @ fpdsdzd
Ytej L o fn1©O Bizth oz diaiz! dzts S jddztssydzO His o stc O Emlsts2 ydor
dzj ¢ OlsOdzd Isd U MEdEy § Iz ffaisch d Wsg .d3ff e O I xetesjy § G O Of =
sfizh j Mise dzv j Is(Mackayses &.OBPREB[ [ / A SdEIsjde o § Misj Mise
Eidzse dv e ©Ctky O4O) 2 MRzl A ded j &3 Ol s MY j tdats ¢ s
COLBoats?2 WOLJ] ddzdeOdz0 j dzfstm yo@d datdzfifls d dodixf. HizE H G OL dz
Syjdet O3 §jtedtsH  sdzzmgQL das yf g ls Do &Y T §st8 esjste ~ldiats
HBB OO0 dzjls dzO B téMiackhyjefal., @08 B d dzj
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1.1.2. s 56 fid ydzts fls !

1} mr/p 5B dzOHN@ftdsts Sff df € sitdsts ds L O o of e’y Ay d W dsupderind] ud fr
L WWj SdslssotslsdzsmdlIsy dzt dets ftesfmis' 7 BatstE @z dademE d B 5 ¢
tcj ©Cyd?2, 9 ¢ dz¢ yoOWw (VarjdsrOBergdet al., 1§9;-Byrbaurmuomisto, 200Q)
1 s Ca®Be Odldzely Miskz § OO 13 fif Bza [z ¢ [OsixsszO dB' s s adzAdadze, ©
SO¢Cdd3 tsBteOLeR dztf QBzsB Iz o d disiiedizdEnddiindizin,dzts o dzts 2 d3d
sts¢ Mduyudetsmisd HdtsEMddzse Mow L Odz Mts Misd Bzdzvw ydj 2
Yydlssantesdid™ 4, COsOkzOL O, f(jtstmMdHOL O) , 9 fjtok
Wi todsd dalstso o fndzd HMIse d J OCIsdo dzts ¢ 3( IlsotsLL @izl txizr jdR fis 4
Otesd3OIsd ud MS dr k¢ dzjf oCGRufdstddsi Hdisfors), k anvbigRddsetse 1 9 9 6 ;
2006 utWttsdetse, 2019

] ftetsyd Mmd Sdzssejdzgj L O dBOz | Ctsdzd yd Mlso O
fsmiskzyf Ols o s tolg 0D sz Aupgsjdole GO Is O y d s@izdds @Cdyf jlinls Y «
ftosHEZC s OdE SiddsPEEg?016){ OMyd IsdzOY Mief Hdzv W Md3j Gls | ¢
Yd dzso J €O fted tSHAEESCtOIdsd { tsipls Holzjldzdide vods Gdijdipttod
shdeso dzr d3d Mty i3y tldsagR)deidsdet®O 0 dzj dzedw W o dzv ¥ Isfqw 7 dztste C
2Otz j ded jdztsnds'dls jtfog' ud dzd .,  ff sa™h jpafigsemisd j B fls
ssh detsls ©, teo 5150, [ ejstdiasdzsal @,j BYPWAS6 )f sdzv Isdj CcHJSE T
Mo 5C Effdddsfiplstsc d yd MSdr MsMissw dzd?2 s HBMIsSOIsStsYC
fsteOy jdedV Ctoydzr 7 fsCtosotses (AdzsteOCdzj ), daj AtsH
Hte., HB hdusitses MfjStc® L OBBdzj 9 Oded?2 tOL dzd ydz
ftod ydbpedzs * ¢ fp Mister &3 dzdBts ~ tetsdzd Yl HE dpzE B L ¢ j H
4 BWtctsdzts o t Ed3OC, j OdzOte jHEEL SO L © @0 1 0tg ts dz! Fmror/
sCdmdzdlsj dz dese s Mistcj MMO £ yj dztse j ZBRangde®Oal., 2@z to
dMmmdzj wttheo Qudgdis € M dzso 52 H Olssdzsedd dzO Isj tetcdIststcd W
os2dzr ot 1! jlsdzO-d9ylcey . tE(icEfisHe b 6dAd fdzd ¥ 4 dzdz” 4 ff
Nddeh ddz dL ftsmdzj etsj dede" » ff 5C tsdzj ded 2, Celstster § dz
bGj sz yjdzr ModHijljdz Mlsoa O or MsC 2 YOMIstsilse o
oL teOMO dzf MY juydWdudmMédn ftoj BsteBdHd » dL B dz
stce Odzts 9 ZmMlsOdztso dzj dzO § tewW dzOW Cetetej dzw ydq v or f
tcO2 sty of el v d Mtsslse jIsMise j dedets o dzdw dzgd j d5 H d ts5C

1 OyOdz! dzrf § L WWJClsr HOBSEMddetso 52 ddzlstsC Md € Oy
GJdefsloddzd tejekzdzvwydd OSIsdodzsmisd B dz¢ s, s OLO
lted 1 &BGA OdB] OUgIstsydz" = d M Cdzj ssydzr » Mistelz € Is
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fs HBLBo 2 1L CMmMfscLdydd otsLHj2Mmlsadw H 8¢ Md dzC
sfteJ HdzVjlsmw o0ttdOBJ dz' detsfilss ¢ ddzHdo dHEZOdz dats 2
CGjdetslsdf O, LEOHEPE KO, v Bdse O, . v if tsdadzg |s | &4
L HstWwtsdzO M dzj dzd v dzj Mzls 1 WWjClsr Mo w L Odzdz" J f
ykzefmlseadlsjdzt dgr = €& dedd3 odtkftse d dL d3j dzj dzad j i
ftesyd Mmtse , O IsOwW g dzjodgdivs Wdgtslas'mAs + € @y Mise &  dad
VdBdzse O, 2018)

1 Odrizj § st Mdudy 2 JL23780pFrsbdi Ndd [ JjYHEC
Oclfndlesd3 5 dLEkzyjdds ©OCO (fo6rRt) € oJhjMmlse O
(Fiedler, 2003)] d3j Mldsjj dfy Htekz e d A3 H OdedaT 3, W 2 ,HBs J7Hf@s B s St
MO tfkntdj?, dded yd dtetse Odzdz’ A [ tifijSinddtspd®d] 3q
d Midzj H Slo A d v J Wi jdSzjig o W L Offii® Crkk d3j Isgj 2dad” W o dejQlE j to ) ¢
tcOL o izt o dapRimils jdi'dzd totstf 50 j H | dds§ @6 deodds| @€ ydg) € slsstc
B dtsn ddd i figgj digifdmforr M jidgdtgdsj delstse  f jujded d B jC
(Bashkin, 2008) I wo dzj dz fowLd d3jyHE ¢ dsdy ddj 3 H
OCIsdo dzsfls d 91 j IsdzOd3MmCrdhnj dedgtiz@H gyl oy ded o3 §f s fls Iz
KOs tod dein ¢ d @ tsds s Al A3.6)

[ © @Od B ydiMmids 7€ i d i M 2B r Hiss HIgIoOMy Y tzOB dz8 H O] B!
Bisdz " ddzMiseo O o diHtsds ndicdulimitadddgidiaiies s dzelzg d3¥ ts Jf Is A Rade,
1990 vtej Hd dL Ezyj didlel EsdejdiH sz edglse dlsj dz! dzr d&3gd € - s
smr o Weodwe lsiwWw dBstemMCdi Mo Hhdeindsmis ©p dzyf Y & 2@ drf tsifiagf
[ dzv MteOo dzj dzdw, OdzOdztse d ydz' 2 ff 5¢ EBLODIDY dRE GH dawiizw - t
1002 0 0 dz3ESefé, 4990; Schecter et al.,, 2008)tc ©2 dzj o dup dglsdzr disd W o dzw
dstcC dzj Yslstste” j odHT Ctor . wtjHd 2 yYkofmlsadlsj dz
& hd, mMse OC d, Ctozf dzr 2 twtscOlsr 2 MY tely ,d3QBrhaudH d -
Tuomisto, 200Q)y z o Miseo dIs j dz! dzts s ¢ C otsLHj2MmMlsade 1 myp/
Isr fqw yj Stc@fstdafsdzj Hots ZO N dzGalluss gatlus domesticis Q@ Isfw  dzOd
ukzefmiseo dlsj dz' dz@ 3 o fyls b s p tz dgts i) B O C TEBte@atbBangpdzdats 22
tc Odzd (Head, HahnKennedy, 2008; Farmahin et al., 2012, 2013P ) dzts, tSH dzO€ ts,
ftedojHjdedzr | o7 hj fMmkh jMmise j dedg §ndet®a @xfry,d Ve dzO aydz'e
f5COL O] & r i) sOictzeddyy Htzed] It e igna @4l
Btsdz: h d dzfnlsfoted] omflidsmMmdIs j dz¢ dzts tsH d (Bnbasm, TubmiStds 2200). dzls

{Hddd dL shdasadd | d2iEEs Odzse Vo dzv j Ish'OL g i d
~tesdzd ud MC s 28Ky ImEfa g dis ¢ fdzdy § dedOd 1o O QMg
EmMCtstej deds j ¢ tss ey ®jOBISEHA 5 3O Bdescdr o dHBo Y do
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ydteseo OV  d dgW¥ d dz' Is ts @ajpgfjvdztsch e Jristats Bge@ B drsdal O j Isfqw G ¢
Nd dZ2 g B@&J yOs Isfw  Is O Wy s Ode®tedz{h. joigod W Jtetse, ftodo tsH W !
stcdedzd yjtcdHutse d ~rtdzj Misiteddz® d vimdedsy H@dy Eizanjg dod
andre) fsfdzj dORBYHjddY © L OctwL dzj dedats?2 1 myp 1/ .
Cdhjudzed €O d rlsds@®@ddisdify disfilisPdz: dzr 2 Mistej M  fd jfs
1 CMmyftcj M d dzj(Rosdale/e et &l., 2014)dzts o

23,785 mr | s @EEPL " 90 Is o dzd W daf § i zded ) g e H jdy dats «
Mdmis.jeds’'d Hd dMdzj Hiso Odadz" n-Mtyfifie Hsdsfgds @W  fg def lg judts o
Ckzte. UV dgj Stslstster 7 o dfHtdsh  od3dhy £ s 3V |BuUDNS|D (2D B dz8 H OB |
dzOtclzM j ded W MJ teH j a3 P Al de@Ukfplcke i @S > | Mise j dedz § ¢ ts
dL d&3j dzj ded v dzOB dzt H O Gsthdzy jzdelg(Bidbgdi Rimmis®,RG00).

[ MeE&OL " 908 Is Is]jtcOIstsej dgdetsy d d3B listd alalzw LT Q
M3 tdzsmP®S, o dhMdzjHseO0ddd ft dLEzyj ddd tdsAaCofy
I BBtcdsdztse Skt Htod oo9jHjdedd o X J dzlsHstiudsjial dzidict
f swWo dzv dzdSind  t¢f Gsuteasd Is d W ftcOor R f sdzzh Oted 2 BsL ¢ O
o dzzf doh dafw yrfdvils slsdjyodsin' Mmddyj dzd i) deds]
lT oasHddtsMis! ( Hisdzw o rfipdaftydCedz Ofifs itydst] @4 @IS o 3 B ¥ Y dzO
or o sHddBhHH g sd@NY. lotodj Hj dzddr a sBddgsls: Mmdz
20 %, O f{ todlzafHtsadjs Oelzd 4 .05 (Flicki ethal. ey’ ts HEkz e d d5 H
99 jHR2®AGumrr o Bj IS GfdZsHlss stej dzgdesegts W2 yO
odzdw dzdw o the®@d disfils! , O ftod o9 jHjdedd 10 dz@Mitsiretlzlz t
al.,, 2001) v Bt € dztste A dzdztf d2§llithrix jacchu dzO € 5§ daj EHaBAP8s m[ s € ts dzts
1,5 BECe/ CHOY domdstEz!  ffdemlseo j MzEyoje fHtwdoetsHdls
SIS ¢ dztsdzj dzd W . oo d#sO Lo O] dzde’ §| EZtesHMISea © B dZOtLEZY |
15 Mizls¢ ddzs fiplic3] RESE /fCtsd  stsd3 dzOdBtsdz! h OW  ylzo fijls o «
Mzls¢d BJte] i3j dzdatsfisd ¢ sR 2O iztsH D5 B MY O & O 1) htFpipQizj d&(Q)
[ desedj BlsCdsdj ddy fted { Istsd3 daftyly dded Qs Osdddsise
odHddr j L WWJCIst 9 Bicg Odzd L YR MIsBO Isde@afdzt H O d3" ~
Slsdgd YO Ismw Is-@Ysyj o U e dapiitstsdzj WtetsL , f ©OBE I OO
GtesW dwv Isd i3z i O (Bigibaufm jTdoimistp, d200P; YoshiokaTohyama, 2019) fls
Mo dHjlIsj dz Mise Pisfigdzin daf t R BRI ofiffsMs Is detsh j dzd W sz M€
sftse j2 o §slstsdildBajio rait)dL hdpzso €08 | kst dlzls ot
LEMPsLdydw C0O0C MOBYEH o EOE iish@defs @™ OJs?2 o] t
M s dzfiglsH sdfy dIsj dz' detsfyls ! or dzOh do Odzdw B8 CtcC
(Viluksela, Pohjanvirta, 2019)
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RLojMEO&Y Jj Isf ted d3 tor tcOL telzh dlsj dzt dzse s o tsSL HJ 2
totso dzj . v 0O¢, or MG OL r ok Astdnpr dse ddf jtsAsQ dzdoL, d3ts TWls H
fstseh jMlse o LOddej 1 VW uddaetsfi | n d %0 dsiizh o Hsjfazzo;h
tej yiflskte, ftoddgjadgvo dprRfdyr aots d ' jlsdzOdzi (1 Oo dztse

rds¢mddz f teothfjlsedhug ffStefd ) isIS fiplizo) O 18 | P d s 6 Pdad L «
9 o9odH|J mMdzsy dzr = Mmd3d M 2. r dzv  EHtsB MisoOdzds yg azf
Mdmisj di3r S5t W dydj(dglstleo@asd@R & 5 e bipls thsmy 2, Bt T dzd o
tcOQo dzs?2 1, s ¢ Md ydets I©A3 s inte@dzt dz® & 2@ y GgjldEdE@n d Is J «
2,3,7,86 m1 [Keke Bunce, 1999)[ Bh d2 1 Codo Odzj dzls IssC mdydz&HEd
Mk &0 € 5 dzy | dplateliyd'?) d2l Szj7% 8z, & d3dztsy § dedz = 5 dgO
1 0detsdzy § "detstts dmftsd -4 zgs? &Y et tydy db &9
Oc¢ jdzZsMmlsotsds 5 SrtcOdejd [t§ Tt z(piipidSel &.,2608)) H™ 1998 Gt
994 HJdO, Qg NBROE @S ydsts L Bjuded@®Bd hdhb | 5@ c
L Hise Qo 5157 te O dajanztbr Bexg £t fly, 1998, 2006)

wdzj Hzj b ©sb&jds'f.tdal b sdEdf it S @d §©]ddak
sfmdese ] dMMmdzj Hse Odzd?2 Y5  j tofstc®tize Gztzediiz @Y ts@dsdzly daj
G dzOo dz' &3 . BB PUASH tyjdid MfsLdydd ydtejL fs
LOMUjsO sSCMdujMmMSdn {CodoOdj dzlsse o OBdtslsdyyf
def BUj de' GJ @Oy Odgidz) j , o M jsdsjsh gfdss ~ifisted dfjsdz” § Is iy W
MtcOo dzj dzgdW L OGtew L dzgj dzgdW HIdBSEMddZOBd SOCdr tBtOL
Hisdgdz" | tMOHSCd d LOCtjtfdzijdz o dRdesedr dzOyd tsdzOo
(Van den Berg et al., 2006)
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v O a8 Ode tsdzj j dMmif szl thirffnds g W tpdep Sy d ydatsflsd 1 my

@l lw wzy I [7 199 Il [ 200
1989)
2,3,7,85 M | 1 1 1
123,78 J mr 71 0,5 1 1
1,2,34,7,8 § mr 1 0,1 0,1 0,1
1,2,3,6,7,8 §C mr 0,1 0,1 0,1
1,2,3,7,89 ¢ mr 0,1 0,1 0,1
1,2,3,4,6,7,8  mr | 0,1 0,01 0,01
Imrr 0,001 0,0001 0,0003
2,3, 7,806 m[ A 0,1 0,1 0,1
1,2,3,7,8 J m[ A 0,05 0,05 0,03
2,34,7,8 1 mr A 0,5 0,5 0,3
12,3478 C M1 A 0,1 0,1 0,1
1,2,3,6,7,8 S m1 A 0,1 0,1 0,1
2,3,4,6,7,8) € m1 A 0,1 0,1 0,1
1,2,37,831 S m1 A 0,1 0,1 0,1
1,2,3,4,6,7,8 f m 0,01 0,01 0,01
1,2,3,4,7,89  mr / 0,01 0,01 0,01
I mra 0,001 0,0001 0,0003

1.13. [ e j dedesisd §smisky dzj ded™ d d&zOC s{ dz,

[ M | dadets ls df dEsipesty jarziler = o j h gl § Slsdsicz W) dff O ¢
LOGtWLdveshda ojhjMmlse, sO0¢drs HIECMJde , f4dMmisd
ftcOQo d dzts d3j dz' (Kan, Meigad 2007)ag tf s s B dats M ls ¢ ¢ BIdBOCC Izdst
LOGW L dveEhda o jhdg syt o ¢ lmptpf toj Hj dzv j sw e
LWWjSlsdodetsimis: 8 EMmetsjdzdw, MEBtetsMmis! ¥ d3j sOBtsdzdL
ISOCt W W dydj delstsdz tOMmY tej HJ dzjpodediog Kew). M diflf isjndsp dz't
ZOC st dzj dzd v o ¢ B IOV £ € tsledKeydsD - s YGIIMO s jda Btcts
(de Solla, 2015)

ANd L dSds3d ud MO R MlsaOh, IsOC qEjoSdzd § s d dz' diztsigla ‘¢ O
tcOMmlis o tstcop Btifjtlsd 0 € Bidg 6 C sZz § sMiszf dzjddlmDE s foep<tfcd® d2 j
tstc 6 O dzdts figfOR- jodgdgtic s Mts H | 16 § O tFeldler, 2003; Jaspers, MegsdDd b6 Su | | i
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2014; de Solla, 2015Rr dzls j dzfn d © €& fp Bz 2Oy d Hish e HQ[ o s Is, dsts[dIEX Q dzd
ftoctsH sdzy d Is ff de tdisofpisd H | 2 e s HzdEjd2s o d 21 tc O GfH®D, 5 15 ¢z
L Oded BOE " j BtsdzZjj o' MsCd) Yodsyjddw o fdyist
Csdzdyd Mse ®E sy ko jdzdyjdzedy Ctdzyd dzstcOydd 65 d3
zdlsj tcOlskzte] dzsfdls dzOL o(Eazdry et al.gd 80 EletafieMdiay) 1 2P
MacKay, Fraser, 2000; Borga et al., 2004) yOfmls dztsfils d , L Is t fr) g dz gizis t off @ e
otsMmM! 3 odHtse HdSHdm fIsdy dL ©O2td0 L jttO | kd
fsdztsy jdzdWY o dHO dzOB dzt H Odzts iy o j WRdp@Fatzf gt al.C 2002) j
JHAZ2OC s & dmMmdzj Hs9 Odzedd B B dzOS St & @ Yo d lsns @B Qo O
9 wz¢ doOdesdz hdj €tsdzyg dzlstc Oy dCyprisus dahid s gf dz@ OFO]
fn s i3d Qc@lurug punctatus , L Odzd i30 h d - fn Ghogf yij MCed 4 ¢ dfjts dzts:
dimfMmdzj HEzZj 3" = odHtse, yYbt, KBEBEI g1 Yofifde™ls’ MW o d
Y slstejBdzv s Is L dz2Oydlsy dz' detsj (Wended al.j 20K0)[ 8 daOtsdzde'd» O
OS¢ d ftdser j wOL dzd ug'dz0f tc dzB§ 6 ff dzfftisf o) td Qimzsij
MOodBByodsd MtsH | oy Odzd J dzj C slstster 7 Ctdzc j dzj tots o BT |
B OC dz®rd@@croorax carbpy tBh jj MH jtey Odedjy fted 1 Istsdz €O
(Kubota et al., 2013)l fsHEC Sy desd3 Y dted B RUBESIBINEA) i ¢ SB2S dojpjjte f€
Mty Oddy Imrr (des daf 1 mra) IsOLdiHd d3ie@zdd o
ZzOC IsOyd sdzdzr = (Ithaeda pttak, 2000p d3ts €

1Tz fsC OL Odzts, Ylsts odzOtS tisdf Gafzqflad g } mtpoy@ancpm Rls
Etotso dzv L Oc oW LCdgiWddddvy dif ®zlso ' B d ts dzORdtfidznjddisdzj j B T edzdfr
Codzyj sz @y /aon § sUp tpd o tsdztk ywid2D02; Henriksson et al., 2017)
ltejHY sdzZOG QisisMWdzOSC B dzHdz H J & Me3q / daisPitg dsv d3sic te O dedq d
dzOfmr M j dzd § o3 ydtetsear A IsC Odzj R d dzygzetcy GBS 44 s agd dzd
~n Ot OC Isj tc (Shdagfef ab,BOfL3)

1 0C s dzj dzd 4 d M tesmlis: 9" 9JHJddwY 1-nr 19 N0 dz
M § yd ¥ dhed¥riel, Kwakkel Kijlstra, 2006; Piskorsk#liszczynska et al., 20144 Is j § J dz
Mmoo sjuladwre f dh J o Otc d ldsjtad® CdissjtizL ztelapp dzd o ® pUBH . 1 j tod tSH
fsdzizo ™ o j HJ dzd Yo Ol Jicld 1 B3dzis dzt @ M ¢ dz® y Jglsde jnd d § datsdzw
ClssEOBOC I8 jstdagtf H dzj dztlzts j H | dRAP H D wsdiz) 2 Qe dg'd® tsis dzr
fJteditsidzzor o ORdeth & i) I"gC B dzts HZQROC-BO L L dzrll dzj B Y J dzts o
(Mackay et al., 2006; Schecter et al., 2006; Bashkin, 2008) 1 j tf¢kziz o ¥ o g W I A& tc
fstespf &z Yy sEd tsyjdde Ojsmv o ff &d by dizfeop lsigtsca foeriigs 5 v o
HsMsde O smw € 30 Hdz¢ (Retemsijal., AN OzO + My sL dydd
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1 sdz0Csfdzjdedj L Ooadmdls d{ tsdsdztss dj shedty M Islzaf rdgts/as
LOGtW L dzgj dzgdztse 5 C sted3O Bisdis @ o 20 § Is-604(\YadzEijketeo et b,
2006) { HAzOC s COCdJ dd3d dzdets { CylQodddy df astEORNER IdsdiilzOd fiff)s
BdtHtsiis Adffipstthijldsdnw  dzj H s .6 © 8ylem o ' tadidszj ddisfii’ wiRetbeastg, to Is
Lowney, Stuchal, 2019z r dzts tsB dzOtclzy j dzes L Qo d M d3tsMmisd B dtSH t
pHd MtH jtey OdzdWw ¢.drdded mss &0 dq Isj dzH j dzydw ¢ f
Fojddydddid mMtHjtey Oddy sttcOddy Mitsets kedzj test
L dzOyd 3@ .Y Jjdmsdjdzid O ddYudn et db, 2021 BsteW detsj tstec Odzad yj M
fMdzd ¥ Odzts B d sH s nff gets fiflss! M2c,0D,dZ] d&s ) BdHEMiskY
Il dsHiMiskzf dshls! dzd 2 MmadedyhPifceis o Ode@d@ g Fstcd Mistsdz
mMddzlsj sduyd MSdr d 1§ todtctsH dBoyd etnalzj 2014 Kapslan' ek al.,c 2@ Yz (
ltej HYf sdZOG O Isw Yylsts smdseodzr &3 W OS Iststetsds, o dzd W
weodw jIsfpw fgswifddEl Oz dzdzs e 5 k¢ dzj Meandptigls B0&1s o j M j Mls

1 sz d&zwgzfhjo St Oded 1odr JSIOR gl & 5 dz6 Jnded) ) o W d a1 @ d3
ftOo ddzts, BEdzj J o " Misdkdsj-dapsicOfftdooCizds ijw B4 dzj § d dz
nizsted tots o Odpdf tjte saAgs @IfLs € stedzO  I0B0HAs 237 @y As [, 1,2,3,7,8
1 imrg23478 j mr A;20% 56 jRdgoc d tizets 8 Ofzts dze j dzj tots® jeff dsqfd)
sCE@sttdtcso Odzdz” AMcKathtiae gt ddj 980 WelsdPausch McLachlan, 1998)u
HeRBOM dzd s Sktcifm@Simfrirdd A fdL Cctt@Og @y do 2@ Isfpw
ndzstcd tctse Odadz € tsdzc j dzj to ts @Hoo§enbedmdzfj a)., 2006z BitaifldcRmREaW) dzc
2006) } ts H ts Blsdz@igH | diE B dry H O dgda tedg § J & iy @eguitta anguilla) (Van
Der Oost et al., 1996)d H 5% H J 9 J EHenriksson et al., 2017) dmmadzy His9 Odz( ¢
(Broman et al.,, 1992 d sd3O0c dzgd W d S Oydw dzOB dzt H O dzO My Istsdz €
Ctsdeg j dzgj tetso, IstsEcH O ClOE[ [ts/BA,0WdARdisfchin @) delifsic © Udied ff j
o' Msfhdtsy jddvd dd jemdsadfd2L © Mujls Mmdadx) dedV

rdzv sy dSd B diizdzQ Spsstpelzg) deq W W dyjafq) disdzd L dzd s to
dmstsydzed C s fsCOLOdz dgj Cslstster | t0OL dzdydwy o drn d
ZtcOLdz" » Oolststetse . a s @ dzGHfpdizss Arrostc 1988) s tc OH d y d s dzdz
M smse dzgsmisd SdddujmMStsets ojhjmMsea® ¢ 0OCCLEBEd
BdtsC sdzyJ dzls tcljdednee@ratign’ facto(, BCF), tcOmMMmydls™ o ©J d3r 2 ¢
¢ sdzyd dzlsacjOyidfiffls o © o tstecOdedL dzdd dJdzd € Odzd ¢ J @
StecOdzdL Bseo) ddzd o §dhj ¢ 8B dzH OdXRFOCEILS: S tteg) Gidediz,
[ sted i EGdk@s Morrison, 2000) € 54 W W dydj dzls Is teddtests ots@iggdjisiz o O
dm¢ dzs ud i f tiplsj bR dsd wd MS d A Lo jolsjumisoyd tej L toj MY Ol
Ctsydze J fs5Cteads"OC y J [ dzdfs OL lezg YPif tsdzw Is § ©C Ctsd WWw
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BdBdzOC 5t dzj ded Vv / € 541 W ¥ d y dbjoazsumulatiprifatons BAR)Zz dzvSysiidw W d
B d 5 &30 ¢ dzd W(ljotn&ynfi¢adion factor, BMF), C ts4 W W dyd J dzls O¢ C-k tybzdz 1
ts fl © Ho-sedimentbioaccumulationfactor, BSAF). } tod Ist€ds+ W W d yd J dzls B dtsC
udls™ 20l fhiskzydjddj ujttiL oMmj oLjdsy deijte iz
H' » Odsd W d ¢ 5 dgrhgmantf, 519885 &obasMorrison, 2000). sts+ W W d yd J
BIB®BOcddY S Oydd toOmMmydlsr e 0 sfimfw € OC tslsdzsh j dzd .
¢ tsdzyj dzls tc Oy d(Gobas Motrisph, j2000; MacKay Fraser, 2000; Borga et al., 2004)
ssL WWdydJ dzls OCS-Btgilzdz" Yy FEMOHBEEO -~ OOCIsjtedL 2§ Is
slsdztsmdls j dz' dztso Hitptsladg &y AtdpoBet @&t et al.,, 1996; Gobhadorrison, 2000)
r dzw dzOL j dzdz’ n L CsfmMdMmisy &3 dMf sdzr L 2] Istnts y olidtss@ & d
accumulation factor, BSAF [ H dzO08 ts,dzd Is j tc Olsztc j , f smoewh j dzdzts 2
sdtedsddz S st WWdydd dedy G ysBApR wsd lsi] s o lis figY BteltY gj datéy dz0O
C i W W da@f]Cdasizlz dzw i tsf u (eeg@fets( 1o @ Az \HABH2D Piskorsk#liszcznska et al.,
2014; Henriksson et al., 20l)W H Oolststetseo ftwdotsHdls CsL WWdyddd
dztsH j oy Odad j tstcc O dz(VanDcOp« &t al.9 1996; GolsAdoMison, 2000; Shang
et al., 2013).

1 Mlstej UYOQ Adfipvdzw sty W W d B d fs tels to(biaksanfsf@factor, BTF), € Slstster
tcOmMmudls ¢ Ol dzyv § dedzjy J dzlotg Oy dads § OUZdcfislz Is ts ylzis K3tz § B dzj
(Travis, Arms, 1988; Fries et al., 1999; Fernandes et al., 20185 i OC Is #Hrdsty df Jfdp'tct] dzts
(carry-over factors carryoverrated f sSHtcOL &z dsjodPp B §f doashtgjccOmzdj LM dg s ©
dzO € s dzy LoLEr@ BlstE O@AdLachlan et al., 1990; Fries et al., 1999; Hoogenboom et al.,
2006)

RELO t©OL dgr » @BPEH Sigr tatds@m ygj Jish iip® H nt>ph &Bdd jo Jf
fMsHjtey Odedj ttecOddud MEpBEdootgHdidillso 09 (IO H Wz iz
Bsy jls B Is! (UsCHeydd H dzj dzts
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¥ Bydsjdzatals 's §f dzj dzof W tc ® mgzy U dz' -

m

BdstsBl JCIsOn.

2,3,7,85 M |

12,378 j my [

12,3478 S mrr

1,2,3,6,7,8, S my 1

1,2,3,7,89 S mr

1,2,3,4,6,78], f my

2,3,7,805 m[ A

1,2,3,7,8 j m1 A

2,3,4,78 § M A

12,3478 € m[ A

1,2,3,6,7,8, S m[ A

2,3,46,7,8 ¢ m A

1,2,3,7,8,9 S m[ A

12,346,788 § mr

1234789  mr

{ mr A
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Lumbricus terrestris
~d ds. L Oo tsH
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by syb 820
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N
w
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Z 9 j Y(tflehriksson et
al., 2017)

Hysub @O
o4 M
thyj cb 420
fmr es?2 9 |

0,13

0,1

0,07
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0,07
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0,1
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0,1

0,1
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0,09
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stteso | dBsdZ
(HtsB ©@9 dzj dzd |
Htej o J Md dz ,
sB tc OB t5ls O dzdats
(Fries et al., 1999)

HQ_xstJdﬂZO fn L
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etal., 2014)
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1.2.RMistsydethCzd = dztstcd tets 0 O datfizt & s & ff ¢ detHa s
HdB J dzL sSW ZtcOdzts o

1.2.1. [Mmdesedzr § dMmlstsydzd € d

{B" @F jdFls 5y dzdh§ fpef toj H ls G g

1l s5ls dzd | Fdzts cH]tSz cfiplsas 2 & & O dzd W jOgQed' A oddsf B Y G 2m 4 d
ndzste s H J e iPIS dffJ dwy " dad € tsdzis © dagfj dzj § teiiH 2 § Btsd3” h dzj dac
mddzls jIL ®Mmdets o tzdzdfsB tcOL 2§ OfWs B 5y detcjs H Iz © Isd3dzts ¢ ts ugdz Bz
f toctsd3r h dzgf Bzglztc 83d il e g F(dizDger Fiedler, 1993; Fiedler, 2003; de Solla, 2015;
Kanan Samara, 2018) tod {jlinsm dzj H Qo dzj et otcj d3j ded fydls Odzts
dm¢ dz¢ ydisj dz' dets o toJ L Iz da'jleaslg joz' dtsdiplacds,i s dsjisdzdz® 2 dz
ZOC sffiffdz HsMis Ols 5y ddsO Sppdd H b6 §f tzts ) Kzts ¢ S(Titkes Ba®so,2018) dzd
1 ZOG tsH OteW Mo tsj 2 nddizdyd M¢ 2, WdLdyj S 2 d
9" h jdzOL 8 Odedzr =  jteo dydz - ¢ @tdedsa @dd € figw &Y igeE e Az
MtejHy HAzdlsj d dztsy o tej A3V, Wstedlidtczw [IsOSCddz tsB s
lteddsd O3 OSdr olstedyde » dMmlssydzed S so W o dzw s s
Cesdi3f smls, ts ) O H (FiEdlein RGO3) @AShKiM OO B ; Jaspers, Megs o
ddzlstetsf sG jdadzr | dMlstsydedSd tBtcOL o O dzls) b MEMAEETd
HdtsC Md dgr W dzw 8 Is fyw fsetsyds’ ©3d fesHEZSISOR yJ d
o' MsC s diBYf,] @l Etsdtsjcr = H dsifwin dalz" to jisiehs df fdis@lsy H @ & o
estejdedj, fdetsddL d Hts.

sddzlsjIsduyj MSdy dMmilstsyded ¢ d, ¢co¢ f tcOo d dzts, m
ftosWddzj d3 tOMtcj Hj dzj dad W CtsdzG § dzj o590, wog dzw w !
ZOdetdij dLojMmisdy ~n [ Wz BHeBo ¢€h detigj KA rowld tciste
Hd m dzsteW j des € Md 26 Mik-nizts A 1€ dftiaisists W j(d2s $4d 2 € ) iz f)ets 2
ftcdd3j dzw o h Owfqpw o COyjMmlso] HJWsSddOdsO sstktObp 58§ &
2378smr 1 ftod Mmcudzls ) Lo da/ a1 fif  IRA@F - Ot OCIsj tedL
H s d3d dad te ts,XBok®,7.850 mr (5C tsdzts d4 09 ' %)Ll Fohp ¢ dzO 4,347,810
Yimrr, SHdZOSt dn &Od) § tdzf)jcdis dz]Cledely efal., 2199%;,
Schecter et al., 1997; Ferrario, Byyr@everly, 2000) [ sy dzgts MGC OLd®dk ¢ , - QB Is
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ftodMmkzlshazd § 5 v 39 7,8 otojsdisO&Od | Ctdzgj dzj tef
Ldz2Oydlsj dz' dets d3j dz' h drmn G Bdzd yd Miso O~ .

(M) GBR@ERCIY dBiEtesdr Mddisjsdui Mtsets dhistsy
Wodzw jIsW ftsdL o sH QB avs.) fi)lcikyB B\ p das® f e d d3j
Imrr, ftod {1 Issd3 9 ftoesBOr BGBWLOIjd dzs ftedmbkzlsmls
10 tcOL 3 dz' h Jj oz HOO* @Y Y jf tcthk@EZ C IsT dzj f s dzdztf dsf®
GJjCdpOEL O M j dedz" i H d €lllfigdatizr1984f Haydnimsa@Biainner, 1987)r tckz ¢ d J
Isj r ded Ui doSte[W J, s s L o E s L OL B vws fpvo C dzts B r3isd
40 dztsto W, j Hgedd 3,45sted n dzste 2,3, 485¢22,3,46ls | stc O dzsic® § IExRdz
i shtse MigdsBHE"'Ol b @M 5 o dzv & Isfyw , & j ldzts dgzidmdfthatay M ¢ d
Isj B j Rz s tc OW d § dzgizk ty(@adej{Hutzinger, 1990).

) tsdzf §  Mdztsy dz" bpd dilécy]Isizf e d AsB BIs tsp e 50 1 My |
ftoesdL otsHMse s fsdzd - dzstcd tets o Odzdz” ~ BdWJ ded dzts o ,
L dzj ClstcsW ddz! detsets )] L @dRRiAspdgf B toj OCydd WOCIsdyd i
Cslsste’ n BB ks iy WOwsro," adAs SCdMmdzy dzdd dMe BH dzs
nizstcdtcso OdzgdW Bsy jls HftocdosHdBtcdS 1 tsisBEGLEE
OQodMmdls sls ®HBOwLSEd fHwsdLotsHdBsets 1 tfj fBRJOOK @ & fi)
dzts tc d tc 59 © deelzj (@appe, 294; Johnson et al., 2008)

I mr A s8OSy ] HB Gty dis y dftstely]  ff t6 tots o B 1OftplP s
tcOMf tcj Hj dzj dagM| JdzsRj o A d L Smr A d2OatsHYWIsMwY f tcd
Hsdsd dzd ez M d dizd o ts o filgjp | % tc Ufisfj @R} dz' v o E&vwiztslesfd 8 ts a2
LOM] " j dedzr | (Rappecel dbj ©991p n sH dz" 2 f totsW d dz tsB dzOte Iz
sBtOL 28 M j dsfyw fted ndzstcd tctse Odzd d otSHBH totso SH dzfs
dfmf sdz! L zj dBBsets §ted tsB tc @B ts@skyjdzdodmiHts H diz@E3 foHIs(d &izts fg d
Ztctsordae teW L dzj dzd W H tfHegibdD BliEzipdets 19860 Bappe et al.,, 1991) § tetsW d
fMlstsydzr = o tsH -B 7 §is@ozelztz® L diftdc ts d3f 1 dfiy elAsidtslds Hf[j Is2 |, K8@\G7>, j8
(Swanson et al., 1988).

1 dZ20ydilsg dz! dzts B tsSdzj | Mdztsy dzr &3 Mdzz YO J dic Otsdz dzvdzf
dMmlssydzgdjSemlsstc’ | Oolsste’! wWOLHjdzYVEIl o' MsCslsj iBY §
(fde), BjBOdZEZEteedyiMSédy LOeatsHr, Ctoj BOIstedd) (
HE®BOh dzdd 4 ud debtzinger,Ejpdler, 1983 OQZY 2 tHded e B
tcOL dzestsBtcOL dg' J] IsjrndesezBfgMS @p s s 5 Q gef fis(iSls Cn dzlzt
ftotsW d dz sBtOLEZs hdamw I mrr/ A dzj fmis s dz! f smists
Mddzt des L OadMmdls tls IsOCdnA WOClsstctso ClOoE s Isffryf to
Isd mndetsdzse d ud ME dfjte tstsffy o psjH dpdpts iPISGIAshighs jtadsbdzvL O 6 teW L dzj dzd

Roto(3 m!:‘J'E” g

—

11
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(Cleverly et al., 1997; Pham et al., 201B) fmdzz yO,j ftodtetsHdz = f ) Otctso
sdf © BdtdOMmMm’ d (Cullistty Todati, 2003).f /i J dzsd3 f tetsW d dzd
Ctso tsted o fHdEYO J §f HE GHAN B e , 0 deigfie d dgizth)tstetsiy ¢ Qls J
dzts dgsy des o' H J dzd Is! dzi S slstster j BN d [Hagsrysier,]Lokmiigts fr) |
She, 1994; Cleverly et al., 1997; EveraBdeyens2002)

dsdatsh jJ Hashf A mr ro M J cBHs@z! A, jf tod Is sEigs dz gzl L SLddeO Y J da

~n Otc OC IsHjdefgla d ¢ Ozl S as’Is- S Bds j o J,iBdE dzg | M ts @ dizy

Yo J lsdigsiROo dzdzz te 6 d d

tcOMmY toj H Jj dif gy tsiftiste d tc S| jvisfy s dif* igEs s WodsiddR1ts

Gtz fH 5 d3d dzd to teo jOfdff@ §3® dzc j dzj te s @

o Z@R7.8u M1 MsMisOd APt Bo K lkE% H L% S ldisB N JipEH j toy OC

I mr /.

o ClolzfWigte Odpam Y te § H j oy lsizff FHAfzts te d tc oo @tead f & 18 gizlf §

L dzOu d Isgeds dizts d lefizls aHP§ dgd dzd te 2 ® B dgalyf daj ded@'d3y g fgals O

GJ ¢ fFh@sted tcts.o Odzdz |

{ HaOLisdMmC dz¢ wy @af% d ¢ Gded jo j st d o KisGEOL 59 O
f tosW,JodfVts Is stptsdgls dzs N wggd jm d3j dz' 2, H s d3d dzd .oz € s dedsd dzj to
w9 dzw ¥[ lanfp W(>30%) 1,2,34,6,7,81 § m11,2,3,7,8,9 ¢ m[ Qo ¢ dOtm tc O dgth dzd dz0 dz,
(Ferrario, ByrneCleverly, 2000)

s sdzyJ dzls f @uscfizl | dzjfipesdy S80® ™ - dzs @ OB ts s to O dEfifL =itflsy@ | Is
LOoadMmMddtsMmisd tslIs Isdf O Isstf dzd e O, O MmtgHN sy Gsdsd Jtc Oem
L OGtlzy | dzdzsfisd kO’ d sOY dedfizdfds@ e Sdisjiisd ) it 9
BOdz" - s ESkiEds Ist@l; 2015).

l Mmj dz¢ MEQRAE dz@ dzidzdz ¢ O dz ddfi Isdis y ddd & [shelz W o dzv jtsldsfifwe T Is ¢
My dc el MC tsatsL BB f)s OIEELY BOMIs d & tsle 5 Sis n ts(Shiedds et al.,
2006, 2015)) tcd Is S£ds dzy J dzlst€ Gylab d dzf) ts fipls O JqIK -G - S E SO 7
Slsntshistetsd ls j dii igzeadd M ls d Is j i i, IpCAO 3 detdsijlscefif J§ te @)ly bef 'O dzd
YOoMmis@ihtetsH tsdzy d Is fyozd dzSftpl ¢ to tsffelsOd] tc O o olzj dadt® tc j b} d ¢ O dzc
(Shields et al.,, 2015) © W tsdzj L dzOydlsj dz' detsets fdzedy j dedw f tots
1980~ , slsdzsmdlsj dzi dzr 2 9 ¢ dzOH Is ©¢ d «lz0 tely] Hely G lirydzdtftetdzd]
f sSQuOBOdz Hitso tsdz! detsus ORO Y Is i dzh dzC Bzlstesdzd ez § d&37
%5% fm 1#EQ &6 1987 G. TE@®BB @042 & .ss5 o tcj @Y (SNO)
dzj Csdzlstesdzdtelz j 3" = d Mis s JEYH: tts 0 3 TER Tsds ) ozgf Is figls £ | &dzts
8%oMmMjinmn o' BtosMise Ildasfgrg@ A WS HAEO Mo OdzC OR , dzJ f
slsetsHBe o YO mifhwyeR ThanmelisV2D1flslo Odd ¢ s B tdf dies @dizipz{2R04 G
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9 C dPHd ¢ Odedfr MC Br L BB F)isfh tfgdslld #'0dg] dzC 5 d30 ) hrisyGfecdEzC
B' Istsdsilsm tSiH18% (Environment Agency, 2007) Yy degzdcec ®dzedj Mmj dzz ¢ sn
ssatsHiBse d ftodtesHdz J ) Oter SOC Y] WwWodzwe Isfpw H
H d 5 ¢ fm(@alamanca, Chandia, Hernandez, 2046)z0 Bd® y d s dzOdz! dz" = ¢ OH Ofn
I M1 keOL dz' R f BB OO GRD)d sydsds h e figt€ jedBelaifdg d -~ sH d Isfiqw  dz
dissyddCso tsls6 WFiddlm@ely. )  sBRI € ez f § j d s tstedadia
Bdtsdi30MmMmr (o ¢d yow ofj oxldid Odfdgid tefsjHaz" ifC t4fttsiL OMASH
Hte. ) d BlkatHBte (ftjdasigy MBE o p dzdzxiach SRy~ od dz
ALY 2fMlse OF, O OCY] Mbsiesdlsj dz desets BeMsO) |,
Mstetsj dzd 2 (INEP,QGLB H ts o

l sd3d dglp ndz" = f sy Otetse  Mkh jMmseakzjls jh if tcdds e dzt
sB tcOL SrdOsE]d des oy O istes R dg@nudidasi L [ mr 1 dL 1 ma ¢
(Baker, Hites, 2000)d H d d3J tcef az®tg ¥ § datieglz® &5 S Wjtcts o34 els gz’O© € ~{Rappe,
Oberg Andersson, 1999; Mufioz, Gom®&ico, Font, 2014)1 © tsfjdatso j Mt 0o dzj
LOStsdzij tco JlEig® DUy & Missigtzs @ Odamzsi® Hts 1933 ¢f
ftesdLotsHMIsats 1 maA dzOy Omniztstintg s W dsdnjdefy APBHSC tpts AMEISDSIAS
1980- G SH ®rdzO 1SOC Y J ftoj H dEBYGiQEGS o O©diAff 8 Is jiLydn s § Mls d jzd
Tzsted osHOfgH dzf & W j datsdz dr B M jHddzj ded?2 ) f s
(Lamparski, Nestrick Stenger, 1984)] sHisBdz" 2 @ BIJrOdzdL &3 B"™ &z ISOC Y
1 ¢ sfnd @ik jetdml, 1997)d f d - Istso "(Hbekstrg éftalg 19998 tcts d3j , dsdgjcttls fiy
HOdadis frd dzlsiiimrd mrpe §dh joOtedlsj dz' daFuigs ¢ @.OIOB7) Gt
sBtcOL 8o Odzdd [ mrr dL 26 jj dastE fifis{ & tg edzts (zdzts dzO ~fdzfshts) o
C tor (Huwe et al., 2000) H dzQ § s tc O o dzjidedeits 3" h dzj delizls BPRdgd & o €
Mise toj d3j dadzts ¢ tsts BBIOR cijod@idicvs f toj H s Oo dzw j I§Giperg Rapmm ' o
1992)

[IsHjd dzse s o dzgd BOdzdw L OfmdzEy do Ojls edfslsjL O
izt dyuj MS it dayfgn rld 2O dis B dzO to'lztpytgads M jj dadasd dap 1 / A
BV ysErdjteses J Hiekzedh fsHES B ser s disd (
HtsBOo dzj dzdj o Ctsteds d M sd O sRisd ! [Cdshtsd iR ¢ codad da
Odzlsd mMdzi ¥ d o O (Maywatsl et@lc, 1988s Keadrick et al., 1999; Ferrdigne, 2000)} tc d
LIssds fftetsW d dz CdzgG j dzj ese 9o G dzd dzOF toc i d df R s IscpL ¢
Odzlstetsf s j dzdzr RC Istfn) IsatsdrdiadsY iy txffipiadwj filse j dzdes dL € Ots
ftod 3 ' ¢ o dzdzd Is @ d3fsdzde Is i) dRIsHIg dely @Is! L dzOyd Is§ dz! dz" |
o4 hjimlse dmssliciodse Odzd v s Istdas\ynidel@s vy yzse fsts  j te4] T H BdzC
dzj s dfBasterman, 1984m Ot OC Is j todz’ B tshtse j dzdatslsw i3 1 tots!
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weo dzw s Isfpw  ff te OGSl d utg ldnfi§ ifls st dfdig d3 ot dzoteO=ipts dzg 5 dzjfjmr p | fr
MEH]eyOBFB9 L Cmr 1 5 MeOo dzj dzed® - MO d3yj té kj gz oy, 12,
ftsor hjlptes j toyd@0zffgitsdzy § IstsC-idff gzl jj sfge®as@ Byrne
Cleverly, 2000)] r MsS 54 BisH HEp@izddtsa dzr 2B st WaPde'lzls) @ Sdz |
COsdzddzd Istso ' 7 ¢ dARapEer Anderssor, ROGORadpE et al., 200 {f O @alad et
al.,, 2002) ¢ § ts dHafii et al., 2008)] ¢ o s tc Pdmpe et al., 2002) tcJ tctsH dzts] BB ¢
H € ) pdis® s dzd dzd & tze tzD B dzts  tfdigjHIdstoHjQalgdH j dizts s Is ts 1 d;
(cOHJ Sk ady twigHsds HASHIGSIA-TCl ( d L sigjeyd ¥ d ud MSd2 d1 sl
Br dzO0 ftojHdzsyjdO0 ccdislksjLO OBdBcejddzsets ftodtst
f 5o j tcrdizsdndzd(fisr = (HedmdAjamd@dats 2006; Horii et al., 2008)

1 I H tgGuetal, 2008, 2011) ¢ MY § toc d d3df dzla G dr'j dzis |J dify ) HastHBE S C
1 mr o € dzs dgOY B tisdziC j d, @ tztc §f M)z Isdndzch dkdf izl tzf tc@ dits o f s Y ofO R
Slsdztsy J dePCEmyr MY dzls Odzdzts Wi retf O L fg B © @ 8lzO dzdFa(lll)-1 m
B dzls s te d dazsddfisjsfgds o § dzdz 7 Efdzse N - ff tc Po ol PE&AEHF O
dej f sftej Hinlse ] gaipls & | BB my 1 d B, 2n4rf BJ8HJSE B dz
L IssdzB degzts 5B dgOtolzy J dgs B OL 59 Odgdw W EktcOdzso , Y
ftosWddzjdd o M sy djjHP Fls cedsddgosgisn , b duistst =2 , fifpthts
ftetsdgr hdzj dzdzr = ftetsyj MmoO~-, O OS] Wwodzwjlsfqpw ¢
CjteBdydw0 €5 EHBN j s podzOasigle/Qadz L ¢ . etsyj M eaBtsdej
L OGteW L dzj dzdz'lsn 8 ff tz3o AR5 C OL O dzts, Ylsts f syd j dizlC jsls s
dZzOMmj C /s MsB dzr fMd dzls j L d toAsnald) Satq Seizdkis 1O70) dpsinzet al., 1991;
Gribble, 1998 Hoekstra et al., 1999).
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1.2.2. RH j dzls d W dwSd@nisds y dad © ¢st8 W L dzj dad W

t OL dzr § dzd{Ids s mr 1/ A nOtOCIsjtedL z¥ Isw tq Gizvdz'
S ted HJ izl lzgf dey d Odz! dz" nls O figflsts ysizefk Bdzd U d MEC dn M HJd
Ymror/ oA, fMtsH j oy Oh d A Btsdz' h 5§ yd fndzts tcH B stk
dmfsdz? Lzjmw d R ttetsHxs dggdeyj M§ 85 O LsGsdf p gPderked o
fingerprinting. 1 ¥ dzts Bl d3j yJ dets, ybsts twOMmftcjHjdzj dedj ddzH .
Hsdzdz' » HBEPEE@DY Ols! f jteo dyds § dAlptcks dpdeg, 19P6; Shizkite W
et al, 2006 JtsHMCd?2 ) fHd®s, 2@lPEslstey O Mmotss orf
fsfOHOddd o sCtlzy O8 M izs Mite§ Helzd d3dfusiHm & o Lzd W ot
Bddtsedyj MSitsets tOL d&zsy jdedv HIBSC Mddzr dBtdadlz s Isffts
cOLd j] CtdeGjdzjter GsHo jted O sMw Istc O dpfifb st d3 0= jd
ftcdosHdls € dL d3j dzj dzd ¥(Jaspdrpn Megst®d S u if keisW o iz 2sCi W
WOCIststetsdy, bkfdzsydweshdds qdzlsj teftej sOyde f totstf dpafiy @
LOGteW L dgj dgdW. vOSC, dOfteddzjte, ftosWddd kOSdr
smMOHC d, C O ls tefOre| @ dsdztsH | MW Isd dzj Isdw  § slskz Y dzj dad W
Cltster | dBsedzd Brls! IstcOdmM?W stcdzdtetso Odgr ¢ @E, ols OF
f sfmdzi tsMGhieldg decpl, 2006) [ hj Bsdzjj Mzsy dets?2 L OHOY
dimistsyded ¢ s L QW dday dgd '8 dHtztsc d wd &€ o § HIEE GG 1S Upts § «
My JydW dydesets " OtOCIsjtcO® BJdtsdzOC s dzj dzd ftyls dfts fdsidls O
or MEldistcd totso Odzdz" = Ctsdzg j dzj tetse o dzd =  dzd %-2.3,7,.8 yd
LOMB) " jdeder | SCBdeGgjdzjtcr © BBdz "ddemlsej BIBdsedyd
(Assefa et al., 2019).
vteso dzd MBHjtey OdedwY 1 myr 1/ Aj HOORt QL dF -~ tc G Ltcdf teis H
sB dzOMmlsw A Bsckls lsddyols: mw 2O fstwHCd, f st |
dzj sBrsHd®Bs ftosotsHdls! MlsOdzH Otels d L O yFhieldsfetsalz2Q0$H) dzc
fedotsHwlils 4 dMftsd LEj B ~ BjdssHOS dEst ded Odedsid JL 1O yf
d dzj HisMsOIsS d :
1. stsdzyd dzlstcOydw C-OPRFE fsdzdds,c3s, 7¢ Bdzg j dzj tc O
Csdzyd delstc Oyd 2L @dgjhnj dadz 37, 7€ t8dz6 j dzj tetse . [ H &
B ssHO wodzw jlsfqw &BOMEdteseo Odzad j € tsdia®j dijtstal
Hsdizd dzd tctso OdzdwY [mr 1, Ctbttes) tyjd YOMmL
Mteg HT .
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2. stsdzyj dzlstc Oydvw CLOOMBjEGitdzds,63s, 7C, t8dz6 | dzj 6O H
Ctdze j dzj etse o Mstlofjusmigblry ] gzd  E(udOHYidafsy
Ctsdzyd delstcOyfmr 12, B d&dI8mw ZzO0 mMEzdidikz ¢ sday
stdayj dalsteOydd [mrr d [mra  HJdIORY " dadd
HgBC Md des o d WEkttOdsso mMsslse j sMmise j dzdzts.
MmOG J dzdzQRapdatsaigr, Lindig and She, 1994) f sL o sdzW j Is 1 j diaf
a3d dzd di3d L i witsvejEds, Mo w L Odadz" 2 M teOL dzd ydaets2
d BdsOCCbdBzdYyydd Sodcj dzj tese fp tOL dzr o3
tcOL d&zd ydw"w dRwBIiYHE OdZOdEZscdyde d&3d § tesyj MO
Ctsdze | dgptaddrdsdfcd ctolzff f b 52  fipdsHi df dpQ@iE* g ez o I
MsrtcOdgV Is! MW .

3. CCodo0Odzj dzls IstsC M ydetafidsdgj " § Gulas s st ¢ B A8 | Oz
sBhd2 1 CodeOdzj dzs IstsCfmdydesmisd BBOL Yyo.
CtsdzG § dzj ter o dzsmwils dzOdBBdz! h 2 9 C dzOH 9 9
Cst WWdydd delsOn Iss¢MmdydesMmisd twOL dzn = € tsdzG
Mz yo,] dgj BOMSCdokzjls SCtdegjdgjter ) BBdz] |
slsdzd yodls c MY (Jasplers, Hlegsen®@O Sul | i van§ o dad @4
Ists¢ d uddyftsdz’ Loz s Hstindr! " jj e dyls jtfyj dzeC d ted MC O
Yd iztsodj $ @d3j ¥ s tscteOdzd yd dedzfsllz uff wed dfj dzf folksls.
MieOo dzj ded § IS¢ Mdudzshis,duj dii drjtejO o diajzitiad § d3DIS o
Ctsdzyd delstcOyd ¥ .

4, & z BRZO Ctsdayj delstcOyd?2 cawgfdr ¢ thdec bz z@O 5o
n 0zts to d tc Hoj @AY dz20 MEz Rz Ctsdeyd dalstcOYyd 2 ¢
hdtesCs dmftsd? LEzj &3 2 B IssH MisOdzH Otels d L (
LdzOydlsjdz dz" = tOL dzdyd?2 3 H Ezydtjtc st lsf dz€ dzd
M jydWwdyde = Bj IssH o MlsOdzH OtelsdL Oydd ¢ |
fslsj dzydOdz! dgs 90Oy dg" J tOLddydwyw d&@BjyHE € ts¢
Clisls d3j stsH IsOS¢ Y daj Htwddsjdedds Hdzv BEsSdz
Stec Odzd L &3O i tcj dzBR OF fidd ® PDdzdlet) W [s@dzi T fsdzdk
CtsdzG § dzj o' .

[ d Oc tc O BZA3" ftosW ddzj 2 CtsdzG §j dzj tots o, sOCdd3 B
tcOL dzd yOls: Mw 9o L OadMmMddtsmisd ls o B tcOdapas ¢ 8z0 )\ &
fzdzd S Oydw n COCd&P wDHjdlsdpiyif s H igls Odzn OtclsdL Oydd . l mls
9" 6Oy J dad J§ ftosW ddzj 2 ) BOMMtse r A Ctsdzyj delstcOydw



31

fls © dzH O tc I§S{eph@ng etfal., 1990; Lovett et al.,, 1998; DiGamgtrlik, 2005) ylsts o
Btsdzr h j2 Milsjtfjded L Oldztali? Hsd@isjde . MteOo dzj dzed j ted L

skh jmMsoabkjls d Misd €5 &BjIstsHSH dmf sdz' L s9 OcC
ftosMissets MteOodzj dzdvw ddzHdo JHEZOdz! dzf = BBOL Yytso +
MtcOo dzj dzd J§ qdzndodHEZOd dz" » fJtesWddzj?2 dBsydls BT |
sig sdzdots tcOL dzd yO#s Isfmw .

[ Sotsdz dets h dqtetsCts dMmftsd L kjIsiw | @& tsew H § dzp dzd
GdzOo dz" | Sl tsdzj dzls’™ dzj dz2 L W Is tc @Ghistneeals, 2019) ®Y 5 JsE
90)dzr &3 OMY jSIstsdg Wodzw jIsmw o' BisSte dfj IsHtHdRz (e 6§ dgQ C
Bsy des dMf sdz! L 59 Ols d c¢Mmrtrje H Odzdz" J gL d3d ted
f s ez €&zt OL YyOr sl O h j2 McjH' Eteseodzd L ®cts
L Istsd3 Mz yoO| dzO0 L dzOyd ded W G dzOo dz" n € s d3fffredn, fiptsl
Ctsdzyd delsteOydd, sseGHO COC dzOdBtsdzj j 90O dzr &3 fp |
slsdzsmdlisj dz! dzr 2 9 ¢ dzOH. &Iy Hthd ts dz€ ts Y O dzgl dels Oz dzts to &
sBtOL Y’ s MmMasyddd fosWddv ikd, dzs ) fpdzdz’lzdz
SlstsptsOPOHESAB dzO0 ctcOW d ¢ ju OCH@R JredetfCa dg@lls d © dzts s+
Y dztsd3 Bf IstsH Oy difdy Qg Is"yreAdis @ in tnjutg fisd d ts B IS sy deftaffilsdpdit:
tcOL dzd yd v d3d €éMudietc 2007 @915, Johnson et al.,, 201b)miIstc j y O K fgdz" Ji
ftod d&3j tor dmf sdz' L s Odzdwv OBfsdzs Isde" = CBdzyJ dzlstc Oy
(Ankley et al., 1993; Henriksson et al., 2013) [ BN jftcd dzv IsT &3 d dzOd B 5dzj
f SH A SHHdGRZO dddiLs) L OGtW L dzj dedv Ctolzy ©8 dzy fzls iz P ded L C
ftesW ddzv € Mk BBOk (Eebs et@lts t293) \Waswnd &f dld 1993; Jiménez et al., 1996
Juttner et al., 1997; Sundqvist et al., 2009; Hsu, Ch&wo, 2010; MegsonDack, 2011) [ H da® €
f SH B dZOW dztste dzOdzd L Oydw HJ dzOj (s ) EHaDp dzdets fiHsO dzdA-E d3t
H Odzdz" ~ , CseHO ftod §tsor hj dzdodk deOMHdzQsHids Otsla difs s 25
tsB Iz f)dzO o dadsatc@jysdls § dz' dats § f) d3§ & {5 wzgfgdycy 39l ) § b5 dzd LYlAgidd3"
s tej HJ dgf ddafdz" - C sd3tizts dzd dizgls? steOdzd L Oyd d 1 Istsets
ftcj sBtcOp s @@ g W &i3d yd M d dp-r&ity xikchispriztPP6cddEonn( 1998; Ross et
al., 2004; MudgeDuce, 2005; Liu et al., 2010; Yunker et al., 2011; Greenacre, 201BH s ls Ols
fSHBB A2 IstcOdemv SNz dodf bl s j dzdz” =~ (s M
dz0 ¢ tc {GresBacre, 2018}y OC ¥ j BN dzts f ¢ OL Odzts, Ylsts day HO
sStcOdzm¥% sStedBOyY d W B’ o @®jdge Dumpe,tsB0D5S v @ R®J y dats & deddzddj Is
CLOCt ssMmislsf@C dpi3Oddds , - d ME&ded yd o fRdsdgdf'ded oz W dj f J te
Yyombdsimisd, [mrr o Bl j (Keleh 2060f to U e s+ j2EIKHEGE Y H I
Yyofmls: ddeW sted3Oydd .
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I'fng BBd "jj ©OMY{teshisteOdzj dzd § d afjlstt ®@pdry H é20 j o
ted Ui f ststeds fjtsidpsidgvdzd, d § ff tetso swd{fisdzO tsdf fiplg tsiy i Clas( o
MsMisOos O (s ddzv CtsdzGjdej tetso) d BGlsdetsmdlsj dz' dztsa
(Johnson etal., 20)5. t Jyd flsstfdz y Mtg®w fztrd Is MsB 2 d3J IstsH J !
dLEzyjddj MmMots2Mmlse CkyOsh j2 MiejHT 9 dzj Cslstste
dmfsdz Lkels fted 1 Istsd3 ftesyjHkzter MisOlsdmMisdyud MEd-
Lilsdms BBYSOn (1 te,dz" 230 @51s ) Odgsts dEF s fid igyjls s H PVAC OF
(Polytopic Vector Analysig (Ehrlich et al., 1994; Bright et al., 1999)} [ A (} Sdzsy dIsj dz
B3O Is tc d W @O 5 tc JAME YyRPsitive Matrix Factorisatioh (Uchimiya, Araj Masunaga, 2007,
Tian et al., 2008; Sundqgvist et al., 2010; Tuan et al., 2017; Assefa et al., 2019; Sun et al., 2020).

1.3.1d s5d dzi d Y@ J dhdizts dzd 13 e dedzd iz tizf ¥ O ¥nftejj H T
Hd 56 Md dzO d3q

1.3.1. v § te &3q detvdzts &

o 56 dzOdasm i) d W §) & s 5k,degf ted GO f ¥ Istsyj dECGOyYJ fiflcy @ '
sBdIls Qdediis H j dzh Betc DC Is jticdif B & ¥ gedss B § tc d to s e dg'dzls aud@ G
2O tedtidif ed MzlsEEw g H | dajddads®dis iz Mtz H dBls OMts dzj etz ) ls
SH ol efdissy o § RS Is] tof fjls@C B Wi M dift s~ 5L WY ADdZOdiatg
s is sty Qifglevd Is jif dix Caipdstotipr € O dzls d Yydeshlisdse gPhdzse, 2005
2016)  tc OL o dfsif JedB 3" N dzj dzdetsisd o ko j dzdyd dzdj &3 o tej H d
stcc Odzd L d3f My tsn =slsdiag O yidids' § dntdsdz! | Sasiz'ds § & ) dztis s off Bz8 dzds'C
Odzls tetsf B dgflaizj dzd v o S WWHOGOY " 2 186 HH JS1 eGEfioN,
1859)sf dMr s Odz dzdh ©2dzed ¢ d SO cdzsBdlsjdzj?2 ydmlsts?
[OdzyjMMlsjtej d fteddzj cOshdrn tO2dz0Or o MmewrLd ¢ o
9 1888k, ddOdNyjtser, 1866)sB tc Ols d dz o dzd BBOdzd jils izO o I§ &5 Is 15 & &
MeMmMis©e ddh 02 dzd ¢ ts9ls EACHPHdzjO dis B jlsHsdzjfiplz LO G tew L dzj dzd 4
MuyudlsOls: dzdh 02 dzd ¢ d Mo tsjWshygiorsere® , ¢ dsdsdstOdg JOIS B @ dizf]
OoBLHERO. R dzls j toj Mdzts, Yylsts o kydsd = { siMakdry -
Breure Zechmei ster, 20032€Qurj & @ pdsfgO,, Qeott 6)d mMmdz
ftetso sH d dzd ! 9 [eCMmijdkBlkte), (Mylmdear01l866)@§ ‘o diHjl
[ 8 CMi BeztegdSCipdOdddHdzd d ) Helzd § @) df) @nddsdd] Q tafdizc
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5 s s dfp dedwisisiadjj ¢ 5 ff tetis] Cfldsk oladabis@vdaf{dd= s dzdzts j  d fyd L
dL 1 ¢smdmisj B Modujlsjd Miss Kysls isHIsOF &Y b dzgzted 3
dmmdzj H 59 O dzdfzy dgds dzd h ©2 d&d @ se figds of S ItsBE | Ots B MW § to
LOGctew Ldaj tda s dMmMfwOnhRglshi k@it dhf sdz L &2j o3
wodwjBffzstetst d dz] CeelzBgzitblglso 19§ 8 o pthdzgyOtetso O, -
4 WHBsifidEd 7 OB tsls | tod das 6 Hz® dzd S st dpdistizaz( o O M |
dimmdzi Hise dadn®d Ehf tdefipse dzesisd tOL dzdyder = o9 JHSH B
ydowslsdzr » BlstcOy Ols! OBdtslsdud MS dJ, ¢ DB kg O dfi tot
tsB LOSc [ Ote € §f 6 ls(Markert, OehlmannRoth, 1997; Markert, BreurZechmeister, 2003)
B Miste®i o qHlfdjdas zOfiled o § dftts W o dzjdgitefssc ts L dzO yfdatsendsiddzv gf
Is § to d3d dats dzts ¢ dddf § ts dz' QS0 Gatelgld] dgts af ts  dzH f CeOByt dsts dzd Is¢b te d
¢cBdtsddzH S Olsstcée fMEsQils] MdCa@HE OtsO L dzr ~o OdgisisHelisdeO to
zdIsj tcOls iz to jd3j X DA dzdgq thzB dz@FYlsvd sdzse d yd ME d - zO k¢
B E st dw , BtslsOdzd ¢ O, L sdzts 6 d'ts € MY § usditsdztd & d)v |, ¢
dts ¢ dzO fn dzts 1 sdzt fsised U4 Ayt glezts mdztso Otcf | i e s® J 5 d
B sd dzH d C1Otstisdc® dzd L d3F ftedmizismis e djj dedzatsShipdsadd ytg Muse dsls
mMdzz y Ols  {f ts CjAn Q) I lsasfv jeigedg’j AN ts o Emdzse d2 ddzd Odzlstst
sBdIsOdzd V. { WrHABER (OW jlsHedBESYjjddry Is ‘B d S dizH I §{VO 1B i t5 d3ts dzd
(biomonitorg (Markert, Oehlmann, Roth, 1997;Markert, Breure, Zechmeister, 2003)
Il dsddzhn d E©ists®zd L &3 dJdzd Mt jMisea O st OdzdL s o,
Lz a3 dzlstse ddzd o jhifmlse d/ ddzd Y J dBstew sdztsed yd !
B4 sOBtsdzdui Mcd) fsyj MBlskzte® s jsH Jzdaf yd df dzd o Mdete
f OtcOdzjtfstioiseptsdzv 8 Is f sdzz yd s ddeW stedzOyde s € OyJ f
dL d3j dzd dzd 2 o € ko BO6E ¢gzdiIstkde Owlzd L d3" ddzd MmMtssBh j§
MoH jtey Odzdj o SCtlstster 7 s toj H Jsdej dgdz" drdzd+ dayj'd3j daltste
cdMmMlssdzsedyj M8y ddzd SCdzi ssydetsjy Mmlstetsj dedd, dgd Is
fsfkzdvydd, o Cdzs yow diL d3j fafs dzad s dzWisldsd - dff cafcifizie s | b
Csdzd yd Mlso j dzdz" = OMY j CIsOr € Oy frHsjo OJ L= jtedzjydaf 2N | o2
Mo HPL dzZdydd, LOSCdds tBtOL AR, ftesosHdlsMw 8 Isc
HO® s COuj Mmise j dzdzlz ¥ § s @] w Jd fitplsiztsjdatfdsistty " HidAEHARdclEasg o,
1994)H dzv Ef tetsh j dedWw ftoj H dzsy d dz@ da®] OO ¢ H jredrvs lis'H dsls d
dMftsdz' L tso Oded j 5 BdtsddzH d ¢ Ols tstp ts akefztzdzif Is t5 1§ dgdze s ff df) fi
fosy Bh@Bdaer § >0t s §HOgERPISsted dZO@JL d3dj Y H Ed
zdlsj tcOlskzter f s5COL Odz, Yylss o dzOMmlstswh jj o tcj d3w
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Bisdz! h Jdzmisej MdzkyOj o tdzd IS Ol fgiPE tsWnw ' ai@o2dzisdzdid
¢ B d 5 d3ts dsdsisitytali) dzis " H j dz¥ j Isfw .

Il dzOfmlstswh j2 OBtk ObkzmyIslsipf St Is j) tacddd dz Isgseiz]
BdsddzH S OlststceOdid BEZHEZIS ftsHteOL Zd3j 9 Ols! MW  stcc Odad
Colstster 7 tsftcjHjdzj deder 7 1 dzj 3j delstse ddzd o j M jMmlse
ddzd Cdzj stsydzsy thsdeusiimiddid, faguswsmmr ., 5o jnHjded ]
9 Cdzs yov dLd3jdzj dedw 1 Isdr f OtcOd3j stetseo, L otsdzw b Is
dd¥ stedzOyds 8 MomMisswddd BCtelzy 08 h j2 MmMtejHr ddzd

Il LOoadMmd dstistigls PC A d &DIs H2OBH tc j H | dz @blzls FMcH j dzw &
My dudWdul @§ 8¢ J yd W duQeECeisf tied dzH d U Ofgdeld Wi 4 uyd W o ud
BdtsddzH & PQY e O dzef 1o dg® jrlCMO C Is j zttOX e B s toj H j dzj o
YOS kgte@zOg @M 5 d s5d dzH  SEOHSAE ISP jtoj OC gy v r o Qg Qafiprd y dz
WOSChksth@fzdnts ud Is SdisflekL OIstclz Btz § bzq fdd d difdis frud dz f tets W
ey OCydd. | 1s0O¢ tsdziffeizi@diy deus oS e sdfstian f € @udfd L
dzOL j dzdzr 7 A DO8Md s pa Otcts P P ¢ Rd@slolQp dzv2 04 6 Y o dzj dad W
Otz jdzd@B n SH B  dL Zuj ded § O Ay HEH ~ MEMls
Coistf sdzj dalstso d1 Sstyfij fiA§ Ojzdelz2O CLs@cdigw L dzv s h dr o jh j Mise
Picso(fiRy Czdzso O, 2016)

IldtsddzHnd S Oydw ditpy j B20 f e ®p tzd y ) tSts sk tg sdndgo X d o fi
stecOdzdL Oydd BdsdsecdyimMSdn fmdmilsj . I Zyj BC
(G dsddHdCOydY L Oct" L dzj,daBe 'daOj drdzdas v 1 6 slin@Wds diz

ledtsaddB3dudmMédd d VWdrdsdtseduimidi tjocydd;

2.0d20s s d3d ud M d 4 ,d jd3ts idemelddzdj i ¢ d J  t1s § tes gzj

W dstedmisduiMSdj, YokddMmMsdujmSdy d oGt dscd

4 yjdzslsdui mSdg duL d3j daj dzd ™ ;

5.edtsejyjdtslsdyd MEdj du d3gj dzgj dad v ;

6.dL d3d dzgj dzgd W dzOdzH M OW Istso .

J MM swLr ydets2  dzd Is Q ¢ O AHigjsjdzw  dpffdg@idafi 5 [z to ts ¢
BdtddzH dC10dfyWOtctsa @ sdi3B Ozl bistcd dze M Mmis 5w dzg014) ts Qstisiey
COf Ot € j tols s.dfMaxkert, HBieure Zechmeister, 2003} tc j H &ZOG O J IsmWs O & y 4
dL d3j da§ tedey § dzlsteOyd2 tOL dzd ydz' = | dzj d3j tasde'e < dydif
OdzOdzdL O o€ Qg d sdfdaHdyd € do O4 Isw sO¢ Y J ) Zyj Bd
L OGteW L dzj dzd 2 o0 Y dtzadd,o sROSISHtEdH j dzi dzd § )
LOGY L dgf B HfBo oo BteeOdedL i3i ldsmdlsmwy € i tesdg:
ssets, H&Y tBLAdOYjddY BdsddHdSOydd d&O Ekzttse dzj
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cmMmMC WL Yydets 2, d ®BIyHERZOGSHAES2 d&dlsjttOlkztejy
Bdtsddzieff € Oyd ¢ OCC kAl dzv Is d o dz'(Tatarud) JKEedldd RG0S Is Wedss, e
Offenthaler Wi mme r , 200 3; Mcl ean et ,albtdgs RO@A,9 | Il
z2JGcdztse, ¢ Is ts; Bzt adfs)o GOR O dztd Is dzf - 2016 ; Hu , & ® dzdgd dz
2019)  dzvidzj H s sElzy j dzlstc Oy d 2 1 Ists d3ts ) dats smizh j Ml
o' MsSCsykeomMlsea dlsj dz' dg' n d deistclz d3j dzals Odz' dzr nl t. BjAR S+
sB tsL dzO g P 6zd B dx detsafi dzio o &ONpdidfc | H dztsly [ tsd3y dlalzi s to 2 d3j dzls
BdsddzH d.C Oydw e

vjteddddz cBddBsdzdlssteddzecé sOC Y4 dmMftsdz Lizjlsm
Bzsetsd3 L Oadmdls s d&OEzydzs?2 tsB dZOMIsd . ] 1 sdzr
(1 ddzv csa3sddfBBE)Y dze tcjHj &V jIlsqw COC C i3 dzj ¢
fosedzsL O dL d3§ dzj dzd 2 mMemistsw dzd W BdGMmMW j ter d dzd
Odzlstetstf tsG j dzgdzr = oL HJ2AMIsad?2. ¢ Bdtsdztsecdyd M d?2
WEdC yd sdzOdz' dz'ed s@ZPigficsfipls j Hdded yk otej d3d dzd, M
odnhiMmlse tOMIsjdedwdsd d Y dotsilsdz d3d) d MmMltckzCIlskts
BdsdBOMMO d Ht. ) BdsdssyyEiald d.Matz0l Degre |
Zechmeister, 2003f tcd 9 sH d isfjwc | Y Bz dzd 2 t©OL dzr = OolsBise,
Bdtdtse iy f ld@tedsdsc toj czdzV tedztsy , MdMisj B3OIsd yj M ts,

sftejHjdzjdzedw COyjMmlsoO Sk Osh j2 MtejHT . ) Is t
fsdevIsdj ¢ B Jsdtsdgdoly tstdfdzc Ole tc Osils[dy] tsdedzts OC yj dals M
sCtekzy O h j2 MejHr, O dzO MOBBdr BGtc OdzdL BOFHoe f5

Haufroid, 1997; LadeiraViegas, 2016) Cs ¢ dzOnfdafsj t f ls(Jaspers Megson O&ullivan,

2014)Bd sdBsdzd bststfdedf oW d3tsj] dL dB3jtej dzdj fMtsH | toy Oded W

yd dz s sB dzOtclzy j dzedw o 86 OR [ @ Mmisfo diyls J.dpQ datf tc ity @ zel O W)

Is J te d3d dzts @ dmf sdz' L 2j &3 A o(Nordiberd, friiffuss templedod, 2007)1 ¢
ftedotsHdIlsmw  fdzj Hiz¥ N ] S ted HJ dzj dedf Js d3tslslgdtdsaiscfediatzc
dzj ftojter aodetsy dadzd Y wsolststews h j ifmw dLdgjtej ded] dz¥ BE
9 Cdzg yow flsj dzydOdz: des IstsSCmdyder §j oJh jMmlse ©, ddzq
Is O -, 9" Hj dzj ded v =, 9T HI nOj dBBsd3 otLHER], H dzw
odzdwdzdw tsCtelky O h j2 MmMtejHT dl tsdpd Hz§ @ © izl s dlerOd3 H tEHay t
Btdisdzf Iststcd dzGdzo jwijddaso 36 OF tf t6d @ Is 5§ dzj dzd | dz0 B (
otsL HY @Mis (4 ¢ f)PBEfLsBsfiA)s sted dec B B WsF g Btstod dze d iz o
mMtsslse j IsMmise j dzdzts, B30t j teB d dd3Qte Y 2 thylsfo o o ¢f 3 & &t
ylkze mise dIs jLadeidetVigdag 2016;z  dzts o , [ Ot 89 O, s ke dgs BIBBS
LSy dd dplsdesmwisiw  d n-ise g ¢ GuEsi' H d dzj dgGqY B4 sOB s
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tcOL dzd ydz' - fMtej H ORS tBtafcAREa CHEA @A 3 § dsd GBS d 4 , 1
WikzdzC ydtsdzOdz: dz" , fsojHjdzyd MSdJ d Hitclzc d J gL c
ykzoe Mmise dls §i dif stAis@giisffls p tetsy H Y dzdats 2 ddzd ftedtsBtcj sy dad
slso j yols! dz0@ otLHj2Mlsadj f tc](bajlein \Uedas @a46;7udzdyty ot |
[ OS50 0O, skLoPpqd, cRMODOM d d sz j Mlsosds dL d3j toj ¢
LOGtW L dvehdn 'of higmdsoOdzdpL @A wodzw jIsfqpw Ists, vyt
LOGteW L dgjdadd ©CtelzyOsh j2 MmMejHuHr, des d HOjIls ftow
fsLosdzvjls Itsydzgjj ftsotsHdlIs! syjdllkz t©dm¢ O, w
toj dzj o Odzls dzr o3, dzdfuij df e yFjddstcOyd2 o IsOCdnr ¢ sdif tsdzj
9tsL HEAR (daspres Meg&®6 Sul |l i van, 2014) .

I Mmdzzyoj HdsChddsd dgasidoratctdOug it ds iy wadftarsidz |
sister 7 tsis.tc O @4 dzd ¢ Bzd dzd yj M S d ds Istfet®d dajz@Z t8 d3 H i fislS )
wodzW j sfpw  ff W o @ghdmte) et 8l.AAOMPO S Hagl 0o sSlsdzer 7 By jIs o fsL
dzd MY 4 yd ¥ dud M6 did@OEssdgpdgsMis! HIsthHddss sets L O
LO dmCaozs yjdedj ds tslsH j dz b Hzj tef & | sE s Muzpl s Byt H3)
otsLHJ2Mise dJ (PUPAA & diaqj dlgdBody Jifldstng sdzr C k2, E&OEWY H ke
Hd ¢ fid dzO d3d stecOdzgdL 5 HtsSHO jteg Of sMw otsLHj2Mis
ftedmikzlsmMisoazs hdrn o L dzOyf sgzup] delsts ® piziizg Is ‘o ' )& &z@ A
tej OCyds ydoer o tttcOddL dzso 1 tiste GAEsdfOe dgcdf izl ldste b
BdsddHdCOydd HdsSCMddtse 56 =Y te jOG jtedr . dikfgdizf{*d J f'lsoodg
MtsH j to)(CAEJME Bz dzv Is d & dzO VW s tBtEdsid das §EQAfJ'L)J] L Octew L dz
Bl JCIstse MIss2C¢ddisd StcOdd yd MEddd L Octew L dzd s j dzv
stcj BkzjIlsmw dzj Istfde'dWtz sdgtc® i gzg tggfmlsots L Octew L dgv s h
slsolgilsddzO dzgj dBjdeiJ 90y der j eotffttsmr B dMistsydsd
(f 02 Mmistej dzgf ts, .S dz8 js9 oo 1B ) OMY j CIssdz =~ OtOCIsj
BCEY 05 " j2 M) H' SedEFiCHRREHD C s dsigs's s &Y © dzj
~dB3d ud M< s Osw o EzlzPEtifiev] H j dzj dzd J sO¢ dzO i frps@sjlscdasd tg
Ctsdayj delstcOyd?2 tcOL dzdyde" 7 Ctsdeg j dzgj tetso

1.3.2. /Bl j€IsBdBddHdSOydd d Bdbodtsddlt

{Hdzs?2 dL usOriegfdzfdstsoe j HJ dzd d B dffisfd dizH 1 6 O@) dfcfs Hzdz]
SCtlky O h j2 Mt i daw ¢ ts @ isdiisomsic d uj S dZ0 d B idkj § s Ods
SlsteOy 08 h g8 Mlsj§jdg diftsjoHe O S tisel dols Bdads s B L 2§ Kz@ W 5 te
Lssd S OC fo 52 f) lsfaddd Ovstsde@dzg L GBS  d Is te | Blsh OAzED d
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[ By dztb M tsdz Lfthcos@isd dzts oy § ©ts ol RO AA] R 5 odgfs dzsE ®Ots 3w h
BOIjdIgH) ( A J HEISIESD . 1909 3 ;tsHLAaOKCi ton, ds,fif dgb ezl Ctelz s
HsCMddzse o B HC Is)'] dslkeBonded 1999; VarDvermeire et al.,
2006; LaKind, 2007) 1skw®j dzj Mtsss tc ® ) dztisasddsidgiy OH Oy sy dzb d
LHStts9 ! W fsmMésd S o MBotej d3 dedz" » EZMdzse dw n
slstcOy O Is Ztese j dz L OG teW L digjHHHOC ts | Gitdn s 38 fpl2rbitiz dfj I
dmf sdz L soOdzedd otdztsf yYJj dztso j €O o dy sisHyl dgs,d ontsy
Besdzd Issted dze © s j MndsdzOdz! desetsd a sOe FRgbBo dws d
1 dzj € Is to ts dzdz" (Kocas, BBniske Jixh 1992; Schramm et al., 1992, 1993 iksemburg et al.,
2002; Nakao et al., 2005; Ma et al., 2Q11)

[ Mis! fedd3ite’ MO Mise Pded Y mf DL B Btby § 5 d
sBi J Blftsai3ts dzd @Odstakgfsdzph | e dzts e 5 L Owdc ® € difsibdlleira stml., 200ds
Dreyer, Nicke] Schider, 2018) dzd " © PAdgdsfodet al., 2007, 2015; Augusto, Catarino
Branquinho, 2007; Augusto, Magya&Branquinho, 2013)~ o ®&Weiss et al., 1997; Miyata et al.,
2000; Weiss, LorbeeBcharf, 2000; Ok et al., 2002; Hanari et al., 2004; Komichi e2@04; Chen et
al., 2006; Bochentin et al., 200@)H tc j o | ShystMéguen, StilleMillet, 2011; Hermanson and
Johnson, 2015; Birke, RauchHofmann, 2018) [ dzd fmMdzz 3 Ols mMotsj cts to
ftesBsslsBtstcdzd C OB d BlsteOy Ot ls L OcteW L dzj dzd ots
I mrr/ a ) dzd ~ ftesdmMrtsHdls o Msslse jIsMisadd M
dLBdtcOIsj dz' dzse 5 [BidAOBBH § fodmOdiaf € dz' h  &figldzes @ dzj tcts o
¢ O Y dz dzdL Sdd3 ddzd dzdy d ftcjH] &ZO tsB d2Otclz y
MsH jtey Odzedw 1 mrr/ A o jBimbhentnlktal 209% o o dInfgdzi B o O dz
1 J tc 3O(Brdydr, Nicke] Schroder, 2018) ylsts ff sL o dzWejus fisHsjddz@lts s B
L dzZOyd diise 5 L QclsI® € ofia) Hag ) dzO o SL ditsy dzsfls! dMmf sdz' L
BdBddHdSC Olsstc®, HA&OSCt dzj B' dzts 8 Bndz@ td@ogqpzdeist al, dz
2016) 1 sz iz ks B&dE, W OCIstster C O dzOHLOdg jh dEjrdzd ] ts Gtfiste joz
(sfMtsB j dzgdets © Mz yoO, ddhO02ddStse d Brtse), odHBHO
EmMdzseo dw dsclkzls Mkh jMmilse j dadzts L Olstelz H dzV(Kylin, Buslngnis f t
2014; Wenning Martello, 2015; Mei, ChenPeng, 2016)1 " dzs 1sO¢ % J f € OL,0 dal
OB MtstcB Jotso Odztflzis j o jAcectjs As w Yilssdzdisdyd ¢ sdikz tc C
tcOL dztovy § thedzs | dzj tots o 1l t©OL dats 2 fMisj § j dz ¢ ndiztsted to
gL di3gj dzv j smw dMmratsHd 2 f tctsWNiwetal, JAOB.sydzd C O L Octew L

[ dz8 d tsd deH LS @aeyte"dL edigy Hoglf" 6= 1s ) f d)fig §f E3dz” tar zB¥ sy Hf de" & B
tc OC tsts B tef@sdzde f(FHetsheer McKay, 1993; Van Der Oost et al., 1996; Knutzen et al.,
2003) 1 ed 1 Istsd3 o tOS 558 taddedezénH B B g & dign: ShPcQizdzc | dzj |
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dMmlstsydzd ¢ O, SsseHO C0OC o tr BOa dHQdg " pallz] ©ls o
(Wu, SchrammKettrup, 2001).

[ Botsdz! des twOMY esMmistc ©Odzj dadz od3 SWOIUII ity Islsaig d ECEgf]HeSReK
L Oded BOE N B of tizsy jdedj o besWdyjmnsis?2 yjfd, f
¢coO¢ f oo d dzts, ftcjorhOjls MsHj ey Odzd 4§ ) o dHOR
1JHBMISOSC B3 { stsets fBHABSHO WwWodvw clgifzfddiglr Mflstelz!
fdhjots2d Mmidt dL d3jdej dedj Bsyjls MOBs s M.y
zo J dzd yJ dzd ® MsHj tey Oded W dzd f sW d dz' dzr = L OGtew L dgw ¢
sBh jets kZtetsodw L OGtwW L dzj dzdvw, L Olstelzn dzv W, 9 tisjodjddiiz
H d dzO dgidebedft Weseloh, 2006; Hebert, Arté/eseloh, 2006).

l1ted o' B tsdodeH hSMnOEsteg GBS I Y dIsr 9 Ols! MstcOIlsjede , + d
MowL Odzgdzr = M .tojlf sz SCagdad @H ) or HjdzweE s Hej sdat
tcOfMn tSH tSiodAedathjf A OMso , zOC s dzj dzdzr =  H tmpita] Qreedpts d O
dfisdz L so Odedj Y§dlsOlsy dz dz' ~n te],fddg tf fizthde,j Heff) ts el AR &3’
otej d3v ff j to dsjHAXneonEbrdedass (JonssonJonsson, 1997; Bonnet, Bradsh&hine,
1998; DrentDaan, 2002)¢ Is tsls  GsfiffiftsiB G Islzdzts o O jd3f dtfistdzcf heedf{As tsdc j ( d3d
fisdyr, &sehcd] ujtjfOoad, dzj {deBokae20]5) @3dz ¢ 54 s O

s OC zy J tslsugjdaps " p Oy dzts 2 n Otc O Hlig[ stE dniflslafs® s 5 L
wodw jIsfpw  f e W ddd dzOCtsdzcg dep sl Yy O h j2 MtejH] o f
SlsH j dz' dz' d&3qd C 3t tsdzj dzls O dzd ftotsW df @tc OCUstgdms j tzs B o
S§ted Hjdv ] lsAndddiyd tnfSPeRd o @dsd ©isH | dz! d&' = € 5dz6 J dzj t
f Otetso , LW Wdydj dzs  wOmY to] vy iz @d v tc @fis ) & fg l§ gi3es
¢Bdtsisdud hHf OB d uy ;€ © 0 Ha@yafi dzL B d t6 Ols jf dg'c diztsds jyddde]" dg3d
stc ¢ Odzd 5 BED RGO 0 dzd o O Ig L WY dizj dzf 3 (SifepetsBakbcamiter, 1989) M j
© BBdz M j2 MmMlsjfjded dMmMmraHde 2 HtesWddz d&Bsyjls dL d
qdzd ddets?2 Mlsjf§fjdd RBjlsoOBBddu) Nt Bz G@bersMedsprdzd
O6Sul livhtwed L2fdinfddsmls! d fkisd doilsOBtsdzdL i30
Z twOLder = oadHtse. u©v0OC, MCsttsMmis! o 9 jHjddw 1 mrrg
0 Ek ddsteMml &odzd mY\VEriaded Berg et al.,, 1994) O o dMmMmdzj H o Gded
(Kleeman, OlsonPderson, 1988 " dzd B dzOtclzy j dz@ tcOL dzgs iy 3 B OB O
9dHBe ter B. 1T dzs SOCyy YsCOLOdts, yYlsts MEstesmis!
Z Hd30h dfuret af,20d4) wilsj tf jdz2 f Jjtej desmO o vw(RogeRetlal®C >
1992.stetsd3d Istsets, | Misgr fineldlj Isfy s fifjtse dsdy)jlsSdts IS teo rRo i
Msts2Cdr BtecOdzd yd MSdr L Ocascindzd I$tficofipl® d§d mis éSipek z 1
et al ., 1982), &M (Voorspoels et,20%).., 2006)
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] sdd di3ts o " B tst6 O-d dORE EEISgAH @ dzO U J dzdf js B Is b Bd
f cOo, dgdztso L tets Mz’ s HgfadsBQORd 4 dzd f sW ddzt dz' =, L ©G tEvsusd
slsdtsmw Isivw a Jdepdrl SCOdd d o Ctwtsed ftesftsteyd
(Haddad, PoulinKrishnan, 200Q) fMdzj H sk ©ts gdidhipdzis | tcp O dpfrO L d3g Is t€ s
Ztctso JBANGBH | eyeOdzethtlec Odzd L d3g f § eSS P Mstsisdatsh § dz
dzOtcz h Qde 'Séila, 2015)) sdzj J Ist56 5§ dz®@ fgfdf ffusDE G QR s MW s dzd §
stcdecdzdyjtedHr, cddStsddfdHr d MmMetBtH J ) dtdz |
Mos2Mlsea Od3d d Mitslse jlsMmise j dzdzs tcOL dzd y QEdI4 it d tizts
LOctw L dvehdf d9 g AigeBCafQi0 LCdy Ty i ) Istfiste(jisd d3iz " Jsf s eisjdripde
f sdzv tedz fF d tsiytc Oo dzjfindfdssn C sy dz' 3 Y desds d  KHerderspuzd
Kalogeropoulos Alexis, 1994) OMmtsH j to ) ddjdfdig dzv dedfiaf hastslg deff L Susud s o C
t6 OL dzdowgdd"f o H s s O eoj'j tdAits H § 63 Odzd v H d 5§ fffdjdasjemdz Is .
LEMbeOediolzj 3" 2 6 J ¢ MOdzs d3 d3sditf B(ddefsH g o tzy J dzCizff ¢
fts MtcOodzj dzds M MsH | tclPehiaefjatiz 20D3)Htczc d - IS¢ Odzv R

razv oS isdud fOs@ i Wzis dswy jfiysasBate O | dafod tc O Blss@Odig"
dzj d dfee @z js H -, CHO © dz0 Az j te,; Nj jote M(Sdfiramm, 1997; Jaspers, Megson
O6Sullivan, 2014; Esp?n et al., 2016) .

1 € OyJ feladjo j tc ) Oxip' | dztfics@ s € ts d30 fi) h dgtOdz fifssts tisdDdzdec® L dzj
Stcc Odzts ¢ O dzts AOjededy'L ddaf e jhhdjdfgfls B Odzff tc j H dzts W R dg®B " C dzts 0 | dz
< o ts(Btyrusvulgaris). | " Btstc 1 Istses 9adHO tBBMdzso Odz toW H s
Otc] Odzsd3 Jj G ts tcOMY tesmis tc ©Odzjyedtwvdzj ity yseBjdei@da’ CFdzd B &
HsMiszf detsiiflisetis ®O IsOC 3 j flojlsd@ls j s piAnlgo @ jH dzv W stcdzd to
ZzOC Of dzd o Oj Is 9 (@ Coinds brgederf dzOwistsL o s dgl j Isd MY s da dzs
~nOtOCIsjtedmMisd ¢ d dzts ((Eexde'etdals 80%3) L OG toW L dzj dzd W

Iy dtsd tYHj oinfifd)utpsdgd 28 d 5d dzH d & Ols B tevGO 20k figlf
COSC d Mlohptsctys ,tcOMf ctsMistcOdzj] @ CHEtsBy MEBESRdEDLO
ftcsHisdz) dlsj dz! desfls ! & d cyddjLLdrdts af GHdER SO da) s s8, 6 @&
Isj a X J (HBgefpet @ 1994; Morales et al., 2016)dz0 iy Is ts wohfgjdslilafzdg | ¥ Is B dzdz" j
fts MsHjty Odzd® I mrr/ A 9 wW2yOa YyOj & o (Hebdrtetal, ik
1994; Choi et al., 1998, 2001; Pusch et al., 2005; Morales et al., 2012, 2016; Muusse et al., 2C
( Mis!  fteddjter bnfesds sisde@iiag e dddzc g telz 6 d n dajdSHEEDES to
otstesB! ddesGBMc®ddag &ks et al ., 2010; wvan Oosten
yotf j dz (El'li ottt et al ., 2001; SaMaplelrar et 201
ElssC d daj Sdsds tsded s eH s(zFEang et al ., 2007; Augsp
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RLBJtdiOIs J, td de@fdetdsorHddrend tsd dzH d € O Y L EHA tdde ) O sfitgjj H T
HJ ¢ fdagEoidgts H j' 2Rl @ B3O dzj 2.1 PEEHE " d2 ddzsjtejfm
CtOR sHWh daomw dz0 folsts sHdAsES v tc@fdd] otsfls to O dzj dade’
slsptste d btOdhf sclsdtetsa O wdy L dzOydlsj dz des f ot
BOI j ted OdZOXR ; HsMisOlsydes o' MsC 5§ MisH j oy Oded
dzd f sW d de'j dz’j Btz slstcj B dzv ¥ Is L dz2Oyddlsj dz! detsj SO @ y J
f syo Fdedzo tsk(@hang et al., 1989; Stephens et al., 1990; Furst.P.,, Bilshers, 1993)

[ J ) H Iz dz0O tdifgj Hisdf sz d € o d HifdsysRdS ©f & O dzd W JOfg Gedf A dgbhés Iptemjatdnal
POPs Elimination Network (IPEN)) B ' dAfftcts o | wikPdg™ Is O ¢ filgf) gzd H wrps®idede™ O C
HgsSMddasg Hiclzguf[m19 S Zted d2' 2y ®A7 Mis tc O @@Gdngi Petrlik, 2005)
lfsmdzj HiMlsoedd dMMmdzj Hise Odzdj B dzs  to(Pdtylik, 1281 IR A dzj
Petrlik et al.,2016, 20182019)

15 ©OLd iZYsigiegde8@BZdedy Y ysr CktOBRd MtsmMisOo
cOydtsdz0 ddzd Is 2 HB 30 ¢ etal, 1998d¥Waegendarsked ai.,e2009)1 9
fjtejmujly dO ojf d dzO o jfp ftesHkzSydd (w2yoO) f
z Htekzc d n M dz MECtsatsLwW2Mise j dedz” = ydotslsdz =, )
dMmf tsdz' L 5o Oded d  Wjifiesfs df vifs@eB@teso Odzd d  H s ZMl
L OG teW L dzj (dber etfals, 2018, 2019) Oy j Htod wldtsmdlsj dz! dets dzj :
Imrr/ A o ftsys On, dr dzO0C s dzj dzd 8 w2yoOrn ¢k
LdzOydlsjdz' dzr » Eteseodzij2 d ¢ toj of I&dosi' W OmpcH]iSts »(OTdedale
Pussemier et al., 2004; Hsu, Chéni a o, 2010) . [ Hd&OEC 5, 9 dBOMmh s
Wittdsi M drn HOCIsdS dz0 kZtesoded HIBECMddese o € Izt
wIyOn Cbkte dzO Mo tsB SH dzsd3 QaydalisdzS sagy J dzlstg ® U ¢ O dz
fsdyjwostetdt (Rawn et al ., 2012). 1 RtedzOdzHdd
cOLdzdyd?2 o ktesodwa MHJjty Oddw HIBCMddese o
flsdyJWoBtdS, ftod 1 Istsd3 cotcWis Bdig ddad Wi delz wp@fv rdzdla t& xfodsidd

I sdiddiis syjdeS d L OGtwLdej dzdv tsCtelzy O h j2 M H
ftosHESC SR §dlsOddwy yj dzse j € 0O, fsLotsdvjls IOC Y.
tetsode 2 L OGW L dzj dzdV WwiHdgy Cdzfiplf g LfzojdssifvH deisddy  offf &
Bite 5 SctcOddyjdedt EftsltejBdi ddy foosHEzCIste
LSy s d yd d(Calks fataldzg0day v

s W OC lststdOjdiRlzy SAdDLdztes O h dd3 o dzdwW dedj dzO MBHJ to)
dzO o thB S H dzts d3, as'dasindzjls MW § stesH O C@L d3jtadL figlp @H Az y
Hst sdzded Is j dz' desets C st dZO, =~ OteOC Is. j(Adrcprpk, RO0F).) § f§ gl ji €
CSEHO Cktedyr MBHjtey Olsmw o ftsdijh jddd, dets dd3j s
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BiYHE MBHjEYOdd] B HdsSMddse o ¢ BktcddzOd 1 2369 Wzt
MowLOdets M sy d3, Yt ttOL Bt MISOHO] dgdzd B gzish fzOC )
sitse § 2, sj &3 BBdzj J ME dzts dzder sdzd BMlsOo Ol Mw 9 (
HgsSCMddese o e OddL 3 Sktedyr LO Mmuydl {ksjistita,j B C
Traag Hoogenboom, 2007} OL d3j t6 EZyoOmIsC O kOU®p] BPE] £1s @Dy
ddzls j dzZlhdo detse s HBBTM 9 OdzdvV SCBted3O B' Mistej j 5 MtcC
ydmdzy dzgdzsmils: g tsyoe jdedzr » Y dotslsdeg =, MmMdzady OW Isj o3
St ¢ Oded L d{Schutet; §chrhidSchlatter, 1997)

YIst§ OMOj Ismw Hickze d n Hsd3OM dzdr (Isdy, sts f to
Bjdz hj. 1twjHfBEZOCOjIMw, yYlsts Elsddr j Y2 y®[ BseL
slstcOy O h d2 L Octew L dzj ddfoyett ettaly 298] [ 68 @Y Hls HBOo dzj «
Zisddzr € ztdd dzr = wdy €¢0O¢ ) Wisdztse r A, IsO¢ d o
mMih j Mise j dzdz (Covett & aldAPagMegsodack, 2011)

[ dzw syjdeSd Moewrd BiyHEZ Ektotse dew dizd 1 Mz /j s e |
Ho O thdetse dz" = ff BH LSl 9ZI€ efsHirf{de ) i3 Rj s HzOB Stc Ols tste dz"
d mmdzi 1 ERet@dsdet al., 1991; Stephens, Petrelayward, 1994, 1995; Hoogenboom et al.,
2006 s ©OC dJ dMmMmdzj H 59 Odfdd disysdttf fpfdesa’ 'dppz@ dis iis+ d M s dz
dgsdzH d C O ¢ § d desteovseds] ld@Ets? YHEHEtwHAdd] d&2OC i dzj d
tsdzj odzdwdzdw teOL dzd ydz' = 1 { s ts o dadk SO 80 dzts O 6 taisitsdz | vd
sLwW2Mmise Whrhodhylsasdnsj dz/ dz@ disd BdtsddzH  C Olsste O3 9o B
OG toW L (dzkeddput, 2014) [ H &zOC 5, 9 1lIstsda dMmMMmdzj Hise Odzad d
dtslsiMisdteseo Odedw d  sdzlz y4d daedz’ J HOdzdzr | ~rOWOSCIS
HdBC MduEsfdsH o j " dMisam Odsdstc Oy O Is thtse j dedasdg®qd l4f jteck
Btsdzj J orf MsCdJ [k tcHoQEGs Bldabrteriz/yn da& ™ dzd ~tsL W 2 Mise On,
Lsdzg [w) 5 MtcOo dzj dzd & (PlegsMuboli et &.fPB04)Od3d B J L L tsdz

Il dMmMmdzj H €D Geztf(Hiretal,2003p Hokzr L OEtdzOR dL BHdzs
Imrr/ A o ftyej tslsdzd o @e&Inizd-TEQ dici47.6d3deFEQ/ 93¢ O G |
COC MBHjtey Odzdj © Ww2yOrn B 7dzs-THOQW qdifj thodiztSsiatt FEDdzO €
dzd § d)H.ts 01 OBHUHABISE | M H J t6) O3Mzded-TEQ/ B @Af tsmh™ dptis H | 16>
9 f 988dgd-TEQ/ S G 1" dz MHJ d&zOdz 9" 9atsSH, yYlsts wW2y0O Wwoa dz
slsmizls MUs@aftyw L lsldy dlzd @ P @Fs?2 MowiL d dB@BiMHE Etcotso iz uzg J
dzfj tsB dzOtclzeydfp Ol jsknw . sH dzOC 5, slsd3j @ IBOL Yygls s Mo Hmo t
HMIsOlsydes BRBOEZO Hdzw MlsOIsdmisdyd MSd L dzOyd 3" -
Btsdzj J MlsOBddzr dz" | Ektetsodzd © w2yOrn disekls MeadH]

L 11— @

o]
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ssyde o3 ddzs j ctcOdz! dz" d@3 MY sMtsB s dd e zC df L O
dzj f sftcj HMlso j dgdets f syoe j dzde" = tsBtOL Yytso .

Il dfmimdzj Hse OdzgdW¥ n Hickzce dydsHQdcly ©tdad & T af s IS ity RidpisEe
o fMmd BY 20 5B dzO torzO)ff) kOl e ts t8 J° dOY difivis € O L Q@ df@s Ods H R delg).
al., 2004)f s yJ dRdv oM@ttt [ gt 2O AEOdREJE dmMmdzj +
AL W kddwoldzgr r /an W 2HODRDL Odzf BB W fdzd d3ts § B8 " fipcCOPp dge] d
Mstslse j sMmise z¥ h sfictmfic j foRAEgMRG0,001)s58 " d 7 EZlsp/pzj 3 f sy
d w2 yoGe deOdzj dzls On B Is ta® fiydoprigisipfiisddy) H 50 O dzd dH oL SECGTied dzC
f syol Ztod dzrddf LyOMmisBztsE W dfglslaBL o h L Ot fH®OB tc OB SIS F d j M
f j dzls OR dztste W j dzts dgts d3 wefHarfilcdt sald @000)1 O dzd vedjiLts Bn"Rdz te ts 0 dzj
Imrr/ an 9 w2yoBsaeS i subgs @@z yOmisdzr 7 AL wW2Mmise
B '®z ftodo jHjdts L dzOyd dedy ¢ 5t WhylsfQs(c] fy@sscngOogdiiddean dzv
Overmeire et al., 2009)l Lisdn Hokr t©©OBBISOR IsSOC¢ Y jud glzy Mms "
MsHjtey Odzedw ddzHdodHEZOM dzr 7 S tsdeG j dzj tets® 1 myp o/ A

wtcQo dzj dedj ftosWddzj?2 1 mrftwe jodzd 2[yORedsion GfetkyoiC
2011) [ dzd d ) iy @ jnis Bias @ d@efnIstots dzj o dzd ® dzff 41 B ® 9 ' §lz6 dzd d
mMih j Mise j dedatfitc dVOidelgfdp, 5B dzZOtckzy o Oj B ~l B8 YA y@ObBd
ftesWddzd o wW2y0Or ~"OwLOCIjtdLizslsmw ftsor h jdade i3
n dzts te d tc SlodAQdiaf@dz! dzts | f ) dz@steapHARIFEL Od3j N j dedzr 7 & tswzZby €
My es¥ o dzv isf ~d Ldefnjishegtita Slds off qf o dxtE{dg” 8 o' o tSH O, ) s
9 BdtdzOS s dzj dzgd d Mo darlicdOC s §f rMisj §,j dzo Y tc t&wksdes
tOL dzdyd? dBiYxHE ctekzf§f Odd fm tc@dadenmseer, lindigStie] H2943d
BN dzts ftoj Hdzsy j dets  tedgh SH ¢Fls ' siidaB a3tiz) dfdcis W d 2187,8 O
LOMB] " jdedzr 7 JLBdBjtese f) sHds2 d .ssZ0%j offs.
ftojHMmMlsOodzjdzadd GesWddzj?2 4 Smgilf/idmssdco@O@BEal- (it
or woddsHylo dH detsj] IE sdidglis™ jsMmilse s  didipyfds de' & tsoCOnmladv/ A ff
ff fsdzder &3 ftesWddzj s B" dzts ftsHIse jtoy Hj dets d3j IsStsH tsd3
(PartialLeastSquaregPLYS) regressioh

v OCdd3 tsBOL 5 d3jdejpdgthis'e ndidSs' de Mspp dh& zte  dzO
o’ cldzjedfias d C O Y F M dzetso sets L Oc oW Isthf tzde®MC § gz H B
SisteOy O Is L OG t6,Wj LHAF jozFolsdztAfs thay ds T ) dzt€ a dstslzld d3 o telds] 1 joalf'W dz
dL o jMmisdy & totbigls & tizgedeie € Lolzj Hzef ¥ O dsfyd oty j dz§ 52  fiye
Ftesodzj 2 A M[sr /HNOdzdz" = s t©OLBEKsSM] MsH | oy @ dzdcef@QF m
SHdEEt ALW2Mlse®, Is. . o Bfsd hYipgke 2 ckig®gzy H ¢
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dLizyj dz0 otdigpdasinise Odedw ftesWddzsz?2 HEYFdddzgs
fitcodydz » dmistsydzdStse ¥} myrgr/ A

1.33. O OddldujmMSdj d&jlssHr’

[ &zWs 56 5, Ylstssr 9" HJ dzd Is d d dfH i) e i4sO dz! Czas dey
Imrridz© Wodzgj Btdz hsets Ctsdzdui Mlsoa O Htekzedrn My HC
sCtky O h j2 Mmtcj HT d Bdwlsr , Istcj Bz Ismw  d3dzts G sy
dimf sdz! L so Oded § o' MsCsMj dzj CIsdoe dzgr n d Yz o ®id39 dils
dzOH j ¥ dzr o3 d3 dgjdiEdsHtadr d3j dzls O dz! ,dzts cfists L eOsaRvdzd L dOd3 d L tisteldy dotst
My dudwdmy 8§ B dzy dad j Az ddz0s te Otindyz jieHsts(@id ppg) v o dz¥ § Is W
CGOL o522 7 tots d30NiptisjcAclOW s/ lsOdndn o " M YUswlst Mg Osts s gz
tcOL B O9 dfjdzdQvd3. M B gzdzO © O ezl dzt YO, Is: tstzp 28 | Bdz®@d nydfte
ftesH) Sistsf des®Bmaud deAr o' Hjdzj dzdj Mmrfigdsshdr ffustse
BjssHO 1 CMistcOS ydd, EHOdzj dzd § Btsdz h j2 yomilsd
1 CMstcOC s O, Htso J HJ dzdd 5 C tiseld] justE®l O ts Cagldiddn It C Isdodzm Is te
QdzO dzfffLtd). H § dzv § 8" § MjHddzj dzd™ dHjdsdWwdydtelzels
ddzls j dzlmd o dzesmis j 2 f d Srtdots 3O s tetsdes O d@@APO dge) fngsds Is o j Is s ¢
L dzOyd ded W d3d +fgpy j dia’ S OfarEtsg dz2C s, sdzs jo, 2012;

[ dzv  dzH d € O™ dC d dzts o IS@ dste W L difjtcidddyj dzv s @R 6 OL dzd Y oz

BdtsOdzOdzd Isizf s ds@E d t5Is § M Is dz@srpd@izfjj Is s ¢ ztzh (ERAD, CALUX),
d i3d3lz dats W | tc Bglzelifeztc 2 ) , s fiyiddlipth ©gasa Cessmisifod 5 d3ts da) deliz dids J
ted yd f shisjteidsdy] )dpsOdipl 51 2@z © ©d IS 7 C Is g s the? flgfas@ M dzsf s H
odhjifflsaz® dz@izd yd fxfous MEdzj s PO 51 d ¢ Md detsf sH tsB dzf
(Behnisch, Hosp ,Sakai, 2001) [ H dzO€C lisdgj Is tsdef f oW B3O Is IstsEA E4s sy j
Ztosoldws mMd ydesmisd d octzy J decsls 'o s @l 2O H Sz dedff @ J tlstsipziZy
ddzt stetlz@wped dMmlssydzed ¢ On L Octow L fpf tdedzv L Zsllsdivwis s ez 1
mMCtedded dzc so ' o iy ffdisifrpdisjonAzdzd 2d 3 O dzO dzd ts BSteO L dyg|jsdzdad ts
1 M u 1 {Schecter et 8l2006; Shields et al., 2006, 2015).

[ S sdzded Isj dz' dglz¥ ddeW stedzOyde B dMlistsydafkidssO de
B ssHise BftejH]dzi dzdv fintsek] BB O@EY hHieEp §d Qezdzdc
Nydedz n .C dHiaSsisC @dajtdifRoscales et al.2016) §f ¢ O Lie@dzd ydw o
Imrr/ A o w2y0s: ekJo &d(ddhyactasigobini) dficj H d L j d3dzts d3t
Y02 @ausmichahellig) © wtej HJL J d3dzats d3ts tf iy tetcddsLo~O dn@nd difzl y 2 d3
ftoj HY suls g tzd ™ BdzsdgdE OV @ RPBECOBEzddMisdui MSd2 daj MY
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ndhded S, fdlsOs hg2mw o Istsd ydmdzj ©GlS&BHOK]
ftoj dBzh j Mlse | dzdpte stk sB 2O BPC O tsyJ dzd &8 O dzO ! h d
MsOBddz' dz' 7 dJLBIstsftse k¢dzj tetsHiBy, 0L ER.O s ") fiatz
fMtsH j toy Ol ¢ 5~ dzts B Aoctisdrdydatlg tds ¢ OL O dzts fiy n OO Isj tode
fdhjorn tlsatsHtss Mt Mo OfdasK j to HMdzdi '@ - B & d Iz & H @dzuz]
B dzts e v L Odats fn Zoj dduyjddi B {§ ®OEezz] tded O L dst
Mej HdL | BdesBsteMC 52 Y026 d vo dzve drdyw dzachvts toftpd @ digs B d §
g1, O Yyo2¢ 0 [HE1 O o Btsdz h j2 dinfsjidQ dafO dzd ooty €
EyOMmisC e . o BRBj Bdsd BjIstsH'  f S A jstizedtplsy " 55 Gpafj Hr
RL a3 dzjsdedsiy d y dfffsdesytyddizfivg ¢ Ols & @ efSiedse sHa{usdzj dzifsd) f §
1 Cpfdey ddd ztetseo dgOC s wdzj dedP G oW L dzw ¥ h d A 94 h j MoK ls ] taick
BdsdBOcddw dsOydy (o Is=oPCygmndi Giodep & dzse) . 7
dzOB dz¥ HOj d3" = Mmdad 3 j dad 2 Rz jos p s 8@ Gah Qi whifmtpert [Wedeloh,
2006) v Q9 r s Higdzts 6 s dzgz® Hzdzf HLj Ted B dzj dzlf LY d Wi HfoHAsC Isd €
B' difsiis Odzets y iz dzis W d yif ézisy Jsdrdizinls 5 ¢ dz¢ o(Wria lodv@Rete™ f J tod
19932 013 wded L d dzsfy+ , yYlsts { st jipded sizipimisie@Qo diapvs uix® H B 5
stee Odzd Uj MS da o O UBrQREdesy. d2p15) s H s Bfgaedgy jlaegh o uj i
i sdztsy p tedetds 3 qlzfdziste | B touf@Ri{limfisargentatu3 ol j dzd § d £ & Q@D j to dzt
o o5j tod C HY tzj H dztsiytfj joa) d Odz dz" H df 5P XadOIs dzs2 5y del «
dL di3j dznted 2 o Odzd v L OG oW (Hebhert MahsbnSheuft, 20PAn Hebert Weseloh,
2006)
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1ol ¢ 2. [i13rsu3d R Jrulrg

21.MOGOCIs | oE@IsE&® dMmMmdzj Hise Oded™ M Ilssys
L OGteW L dzj ded v

1 Octew L dzj dzgdd HIBSCMddzOdsd Mo tcj o3 dedesy 8z g
tcjLbizdz SOtsdy SsB3BddzOydd dMmiststedud MEdr d ¢ &p§ th
L a3 Mimdd I wWwde @dzj j L OGteW L dgj dedzts?2 W o dzW j Ismpw -2 y d
f OteOdzdzy dzd Mmj o J edzs?2 h detsls™ ), cGHJ dqd3dd ¥ IsMy H ils otz
hJiesCBets otsj degdetsets ff tod d3d dzd ded W ) d3d Jfig Qday g Jotdses sy d
MsH j e O Jets HES -vdnwf [ 3®/ CC6O Y2, MAKadji, HBtzte §f dzdnftsah J to O dz
syd dz€ Odz tsils 1 ,(CrasbyHvongl 177 dstelinfaree) al., 20@8Xc g d3 Is 5 &) ts | HOd
s Btsdzjd NMdtsttd {ipdeidisdtd Y ifiglmd didzk f; didg o0 Iso
Yyomilsdzsmisd ¢ JQigls O~yonacy juidsigds 1 ¢ J Is dzO0 30 (SfEhectemdt &.p d
2018). wtso toj d3j dzdzts j f siskzy dzj ded J I mrr/ a3 i@z frpdetds
f tetsd3r h dzj dzdzts s d , IsO¢ d dzj Ssdzlstesdzdqtelz g 3" &5 My d
SlsmnSHBY .

2111 sfmdzj HMMlseadw et jdgdgr = HJ2MIse

I8 otcj 3O SoB2 lsdzOd3y o § jtedtsH B DY Isef Hz01l B
Sy dese s 1! | sEHaOHz@B BIS Galgts 6 j teB d ydH Od3d % H dixizs dotOIs tdAR
(Westing, 1972).) sdzsM©® L On 9 OlsQ@ 2 31,0 d3tdzj Clstdots tcg - ftetsdL ot
Msmils Oo dalg d2@d3) Ydung, 2009) 1 5 Byj dZ2C O3 tLOL dzdBusdzjnj% Y
tcOMmY ' dzj adaBdesj o sects ¢ ¢ J dzls O -280Z0 » 81O dztff fis'dzts figr 1O Oy
teOMmYy " dzj dedd M o Whthis'tsls d § Is figfls o Gjelepkdis]. o nirp@C ts, §f tets d
9JIstcj dzgz f sEtSHLIEZ, h Jqted dzO tsBtcOB Sls Odzdats?2 f =964 fi "
tcOMY ' dzj dzdzts cdtds Gtalf QO czjodgld®], y d © Ols ff gy a0kt d30mAs dABSO B
mMse jtoh j dzd v  o(Insttites df Medisine]2@&1j) H dzOC 5, ¢ G dfistén@®e deddtdn, i
MsMmis 0o dzv dzO dg@dpstitetesofipeglicing, RADS).

] sd3d dgty dzj dzOYf e O s @ftatiztiogs@G Y §  d 34 dipldzlz P Aptdts jdzdf o
cjwBdydrwselstsd Wdi)gzk] ddeedOded d o s RatefldgVy St g "eeOrs
dzj L tcOMn sSH 59 Odzdz" = sMisOIs¢ tso G J tc eYyduyg] H@O9; Hadtfieldls j
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Consultants, 20115 tets 3] ditmgitilsdzts & Ok & COBHM ggo Bec s ¢ ¢ j dz
b jdels@ jC OBty 1969 d d&Otlsj 197 0(Your®, 260P)tctcd Iststed ©

vjtotiecdlststcedd Breahdm ©OodOBOL I OdzO dzG , 14§ damt
HdsCMddase " &3 ¢ 6 tstavOy didie As2tdzjS Codsef fCldmkr &/ dzapts dztf 5 © @
Ylsts fweofgey jor 2 0Ocjds tMsOj bt &iddsidds o35 6 jnfg'sis da
ts ¢ s dzy O dzd (Minhpetsal., @008Le et al., 2019)

21.2. 459 toj d3j didgls s v dzd €

5o to] d3ifdadedsiz §f dzinglzffh jo SCtolzy Osffjtizjtd b2 j s Z2ZOBO B 2
Bztocdzr d@3 tcOL o dIlsdj d3 ftesd3” h dzj dgdesfylsd o ff sfmdzj H dzd J
MisOdzj dzdIs§ 2 dzOW f tetsd3’ h dzj dedetsls! o % lo jEEBOILD1IYtc ts
ltod 1 Istsd3 Mdzj H Iz jdsr stddsdf)ir Is dismr, 1 / thls Rlslzts B Is G dejtsddzr " dz,
11 jlsdzOdzsy M sMisOo d d3' M OdzOdzscd ydzr &i3d o' BtesMO
or Btetsmr f tcad® Lhodfjladzddts Mistc Odz [ éThusnfy, HAyiNhis 2066). & 58 L O

s tets d3y stsc ts, 9 Bl jicliir@HEsc OL g Isthdb® d3d dzdzd slszsdedz
i dz MC tsh 5L sIsF ksdPlsdpdat al., 2014) C sls®T | f tcOo  dzfs, dzj €
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44% H2SQW/SIOz, NaeSQ4, 40 % HSQWSIO2, NaeSQy, 30% HSQU/SIO;) s dztsdzG 4 2t
Odzsddizd4#c, OCIsd o (OBAHMER) P d3 o dzsmd dzd dL slsts dzts d3,
Codzalstesdzy  MmiIsj 4 ded dL o dzi ud d&dz? dz.f) i & dzdznfisedRadoutsaiO
Welligtnon Laboratories]f CambridgdsotopelLaboratories

HiSHJ o) Odedbff ey  p@W dzd ctOodd3j stedud MSCd: ¢ tsfdzj
Ef OtcdoOdzd d eLeojhdoeOdzd WtwOCyds, MtsHjtey O 28
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B ssfisstsydts?2  CMiseoSydd Mdim' 5 kted b Gf Ot
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C s dzts dz§ §Si0s, NaSOs, 44%HSQYSIO;,  NaSQs, 40 % HaSQW/SiO,,  NaxSQy,
30% H2SQUSIO,), £ ¢ s dz! dzts 2 AR -Bld2mdia&sgn Dé¢velopment gy j dzd Is & 68 dzts dzS
SCMdHBER Oe dgd dvls d o d 6EHLTEZ). Y ®Ifj i3 o detsfd dzd L &
flls OdzH OtslsT Hdzw Ctsdalstetsdzy Misj f § ded-7dgSLca.dzj yj ded v o

2.25.1 etsB T L 5 dzr

6B Lsd GBd®EOdd M HoMiskY dl & &z &ileE bdasdtzid
fdsj Pudzdsi j dz@ &} m[-¥613ASS)( EPAfMstcOc dieso Odzd d5j ISBH 5 ¢
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fd3d M skt d Oyjlbsd®d o Is jipsfsistéasd k) ¢ © B9
WicOC ydsdzdteso Odzdj + S MistcOCIstsa f totso tsH (&, NpeB,dzj |
44% HSQUSIOz, NaSQu, 40% H2SQY/SIO;, NaeSCQu, 30% HzSQW/SIO;) € ts dzts dizglejts dz!  dat
C s dzts &X-21 Apderson Development Clg Y J e st€ds dztsdzC | ) tSEWMHEH B
OCIsdo d tct600BERA). e Pls ] &3 o desmd dzd dL sSlststf desdzd Y dgr § M
dLodzj yjdedvw d SCtsdAiSddstcdtcseo Odzd HB 5

23. [ ftejHjdzjdedd MBSHJtey OdzdWw 1 my |

{ftjHjdzjddj MsH]jtly OddY ¢ dz6 il BHEHECs @Gty
My jSbtesR) stedd o MisCHat ) @@ ]jSdaietsdgfets wjitospec
Premierffts j Hd dzj dzdz" d3 1 ¢ OL tSAgilern3TeEhsdiody@&OB ¢ s @ BERIs 56 tc O
tcOL HJdzj ded j { totsd oiretddmtRdzd ¢ SCHOBREESIH f @3 Is B2izdg  Os,ts dzh
W OL 25088, a3, H dzd dzO B, s dzedz@Q P dz' 3RO W Is g d3tf( jote Qulg) A{GizD 1
Mlskztf j dzyOlsts] dzOcutc O dzf§ sEEsMdB S 100y I3 cMHEB
1584/ &3ddz d HOdzj Jd H®Bu sty jifEOdddtftddisiod2 H1j0cy S O ff to
Isj B j cOls3tdg (H,B5 CB8d2yO  dz¢ Jtetso Oded v ) . RL d3d to dzd
COlz®@MmdIsj dzv - O(8Bdzglztizcgdcgs. dz 1tc OMilso stc® ddzy j SIsdteso Odzd
splittessfn dzOyOdztsd3 f tetsH Iz 9 C B dixdzy -HPAFIEs & tzim y © gzed § tod
L dzj Clstetsdede” &3 EZHOtetsdz § 2 yC =o3 L. dzjiSOsLtcdsjdas@®s i w1 et td
My jSCltctsdeiSldstai»s 10000 . O dzOdzd L difstelrs{dstisHe{ddzl O o L @Y ¢
(Selected lon Monitoring SIM) , smizh j Mlseo dzv w  tc ] crd MLty s tship jtedd)
dsdzOdy [( [fHRy uvmyr/ovmra d ") d8)d0Bshso0d) df - ]
(s @nyé . [ dzv  f sMmistsw dzgdets? Oolstsdi@BOIsdyj MEs2 f sHMIst
fd¢d dodese M jyqdqodz dzsets Mmlis OdzH O teldstOts CHj des MY HaBlb t
dLodzj yj dedv ¢ s dzls 8 tsard W agP dzd OfE® dzd L sd3  °Cixts ufpy I to O
1,2,3,7,8,9°%Ci) S my 1 .

] BtcOBBISC Iz i tsdzlz yJ dzdz' = nlctsB3OIstsc WAasHdx Y dko 51
dz@B3BOwdz" 2 + Coado Odzj dzls Is =[S dsuielzts fidsodO dzaf 1 W3d i windsdj c
l4s ¢ iy Y dats & ¢ F WH O 0 /an dienHBBrg et al., 2006) dzOyj dzd v , d3j dz' b
sB dzgOtelzy jdedw, ftodded 3Odzd tQodg" dizgd ftcj Hj dzz tsB dzOto
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[BteOL Yy
o ¢ dz¥g yOdzd
fMls OdzH Otels ™ ,
CtedlIlsj tod W ds:
9o d34 dzO
ZHjtey do Oded W

NS dshlss?

dzts B J L

s Is

EHjtey do Odedw
Mstslse jlshlso s h =

dzOIls d o dz" ~

5 OB &z YO M2 [Ohddmstedielzj & & Jsdso .
ujnddz dd] M [ b&ﬁ%;ﬁ?
UMT T 319,8965 321,8936 0,77
UM[ A 303,9016 305,8987 0,77
1 mr T 355,8546 | 357,8517 1,32
Vg mr A 339,8597 341,8568 1,32
LSmrr 389,8156 | 391,8127 1,24
1 Smr A 373,8207 375,8178 1,24
L4 My 4237767 | 4257737 1,05
Ly mrA 407,7818 | 409,7788 1,05
[ mrr 4577377 | 459,7348 0,89
I mr A 441,7428 443,7388 0,89
1341,-2,3,7,80 MT T 331,9368 333,9339 0,77
1341,-2,3,7,85 M [ A 315,9419 317,9389 0,77
3:1,1,2,37,81 j m[ [ | 3658978 | 367,8949 1,32
1341>-1,2,3,7,8 J M1 A 351,9000 353,8576 1,32
341,1,2,3,6,7,8 S m[ [ | 401,8559 | 403,8530 1,04
13H12-1,2,3,6,7,8{ Cmr A 385,8610 387,8580 1,24
By1,12,34,6,7.8 § m[ [| 4358169 | 437,8140 1,05
B341,1,2,3,4,6,7,8 § m[ [| 407,7818 | 409,7788 1,05
Byl MI T 469,7780 | 471,7750 0,89
2. 4. s SSdisugjtsifis 9 O
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e OkO) ddod slddyojlshmy ©ls otj djdd bkHjteyd
Bisdzj j O Wi :®1ldz%

1 Mclsdsh jddj f(oshonj2 §dSts COC &Oolsds d
fMisOdzH Otelstso  dtsy JIs lsdzd yoldy®y ks Bdzicd Isdy,

1 "TtbBOteOW duj MC] tOLHJ dj ddj 203438 o
1 Smr APeg1,236781 SMr A Hisdzy des &5%s5'  dzj 3 daj J

1 1¥WjCldodesimls: 1 ChistOSydd, Yy, dedo Oj-tHw ¢
sMmr T d 18143 M, 8, 9H tsday diQc j BO0-IRED.N

1 o» Codshistd 'l §hshOH! ScEOSELON 1
C s tsdzj didsHs®e dzj Ise stew s h d o & fiudisdeyy dz0 Ma('¢ stk@odzlz )
5ls SO fitlse jlsMisabkeh jets odzlstsj dgdzj 65 Ml

25 ulkOkdmlsdyuj MSOY ©BEOBEGIS

dlsOlsdmisd yd M¢ d?2 0dzO dzd L i sdzlz yj dzdz" = H' Q@ dzdkr O
f tots G tc O dZA3dReds o @ tESwdio (R Core Team2018).u r dz ftetso JjH jdz C St
OdzOdzdL MtsHjtoym OQazdw 2 YB®E 11 4 MmMtsslse jlsMmisakzs h dn sy
Ctetej dzv ydd w#fdqtedsOdzO d tyjdzgj 20 dr MlsOIlsdmlsdy.
ftetsW d dzj 2dzj dz@ ¥ ewWrayOMmMis < ts9o 9 B ydets?2 yOMmlsd 171 jlsdz
[tcOd jotses ¢cj dzZlsOts?2 ZyOfis§ tsd ¢+ pls dzOICD dzi f tSH
[tcOdey jotsets dEjdalsO d EZyomlsStseo dzo figfsa j Bdgetdz? sy &
Hd MY J tefd s dzdfOrewap ANDYA|) Ldzts e Oted W dsd yd ME d Istc O dzmW fgtc d:
fsmdzj Hizeh j2 ftose j G52 fdsO Wotakied | tete{G L datsthfisiafts o) tedf
Significant difference (HSD) test)

[ dzv  MmtcOo dzj dedw  tc MCiaerS 2f tols o Pidp@zdgsls s IR o dzr
C s 3t tsifigs foefibfy C dzs \Qjlzdsddrdd e tsWwisytg WS B dzeapr ds ts H ite!ts jdaRRtsts8Qe Qfloy ts
Clstsigs R jtey Odzdj Bd " 56 s stgd )20 § ©F dzg jz] HsuBhpEOwdz o
dd3j & " d 2408 Htdd dzdzmAs H | to ¥z ezts dz' ¢ tisqed y j s BL djisk yOf,ls € t
sBteOBBIsOdzdzr = [ ¢, € dzi 3z B ' dzd HHoENGeat ak (HiEngetal dzdz
2014) fntsH j ey Odzd ] 2 gtg@MWrted dz ° tBdeud B dbls O diziz| G IS o
Wzt ogBrtc®aR|sSSCE sdzOR B dzddf BMtsH j oy Daegdh o Cted dzr2myOn
MsH jtey Odz 33 BtE@LLYOsB tgelidfdsgjo OFR' dzd  dzt§ tindg @xtsPutotsts
C tsdzyj dzls2BT /P " j dddairpn. ) sMCsd S OCOW  dats te RO dzc
HOdzdz' & LOCtr st &8 d odesfdls ilstedyOlsj dzt datsj Mg h j
s tej HJ drjodifevdz’ S s dsfqtideisdis L tso Odzts ! ¢ difiste jOrced ey ARt
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tslsdetsh | dafjatige (Yistse ™ & dgitsds ¥ I§Aichison, 1986; Bonn, 1998; Ross et al.,
2004; Liu et al.,, 2010; Greenacre, 2018)dzO dzd L B SSHSR 6 2O AL dij
Hd B¢ Md dZosRdw 27mMise L fetseoddeydd s kz0Odze §ddzdj Al
2378L Odgd M jdedz" = ¥} myr 1/ A lftc Grpd3dzOdig) O3y, Bj.jdZdz 87 1 m
Msjfjdvds mndzstedtetse Oded W, detstoed3dtctso Odads’ d3 $o SiplizedadsE
dzj ss5¢ fdudz § .

[dzv  dHjdzsdWdSOoydd o shmgsp/da o d fls tzg dzd QupDdds o
dmMf sdz! L soOdz BJ sHBOK Bz B | di @RS L @zapd d §f tcts6
tsBj MY j HRAdRMEF 500 tetsB Ofisdatsely sy ¢ By dsm™w  H Odedz’ o3t
Immr/ A 9 V3HBODoBZA dzff HOMdz J 3+~ BBKEOL yYytss, BGIstsE
OdzOdzd Isd yj ME 2 RI €15 s Goipddsdzfs RO 1 ¢ j d2r0DE@B od .2200(
btesf yj dzlstc, 0 2s00183BH jetsB S ko @Rdzrrsdtspy J HtosBr , 2 t
sBtcOBBISOM&] fsp[ dqL ~tLw2fmilse o B)dzd L& OBl defsCHcoS@RIE
(Hoang et al., 2014R Is ts ¢ 9O fripfg Palzdf o Isda3d iz e OL Yytso .

sdd3j ¥ h j dzfpy sitdidlzdlf ttsH j to Odzd/A o § B 98O rdzfts B O o &z dz
ftotBs\oL 1 6 J dzrn SO d 2 ftetsB' f syo r( vaeasdfdyLd fizls @9 .d QE
R Is 5 ¢ 90O P PalzdiE =M Isfs35tzB s OL Yy ts9

[ B GO MM daed@zdzB k' dzdzts to &30 dzd LSts fp 1B digtiz O teCdigsdzy | dzls B3N8 d
L OB " jldadg .y dzOUj ded § dzj 5§ t6j H J dzv 2BS fislinG s diz ol ©c
123789 S mren' ddsd yffitcj HigeARO oz 9 | dz@ Y d Is JC dz'dalfmdis g s ® j s ©
B df tod dfv BG%ifzOB». I my B " df MC dzt quCidz0 dzdf is®) € s dzj € B o s o3
C t5dzd U J OIS ds Brftadty dmiay § daef L CCdtsn W W d wd Jsdzlis d3dedd@spdidaZY jts H dzts 2
f ted uqrizis®Rn ¢ dz¢ yfj migdrv o dz¥ plg fip\s W IsjdadsBidsls | W O Hissdgs( s tots o O
Bsdz! h d dififalsisdeds ©L dzOy  Is B dzidzelzts g € trOfHEOMtc O o dzj dzd f
C s dz¢ | dgBaecadatPdriaensoovaerts, 2004; Uchimiya, Ardlasunaga, 2007) s @zgzO dzd L
tsfls OBk jste o d | tzts dfs'dajddin ¢ dzé 5 8 dz'Ofgeys dz! h to figds O IsHe 2 BG,7,8,9
1] Smr(@tse tc Ld@ R ts B tc O drf@s )y ©

YIstsBS Yy j dzdp s’ d3ts ) dftdiflss'dz’ L s OdzddzOMm Y t§ B ts HEdwxlE dz |
dHd dzsd W d B sddlzdvsy thod  ro € dZO KW B8 Is;mte'™H | dzjldfder jf ted Odz
BOMMde © HOdzdzr = 1 ts/Afgs A )@ F Cistitd ® dzfi) Wnis t¢ dfftdrdf os@inz L s 9 (
Ct WWdyH g e &6 Iz gz iffad | H dztAgsgfafts .HAssefaetal., 2019).
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OB 2 o' MisC JI272(z&HOSTEQaby ¢() B' dz tsB d20Otclzy j dz o
Ol tBHIEBE®RBO 14 jdnBO o t©0O22tsdz] 17z dzts d2g3,7,8s Sy 8 OFff
ss¢MmMd yaecMs s GBtOL W) ettt e Gdztc ®RC | dzO OB fMtsd
Hs®Rd dzd telz® M d di3d ¢ tsdzc j dARW)OXS,8usM razd5 %) dwlf213,4,6,7,8 § mr 1
1% . 1 =GSsLw2fmbkej M fsksdotsfcdsyds? MNistttsd
1 Code Odzj dzls Is 5 ¢ M d y EWHOTEQfgsts &) Is © oodSdziz@Bm 1R , 39, 7 &
st ¢ Md ydzsSg% ! Hs3d dzd telz & M d d3d ftc § ts dalzty ez fetOtsisdf S j  dz0
Ctsdzyj dzlstc @agd f mpPo) 1@E8.46,7.8 t mr 1 %5, U tc0O2 tidzjj deisOD
ftoslsdo s sdztsy detsdz fsls P tsdas w2 g® odBdp'tc | &z s W d dz
fMeh jMmlse j dedes BSlsdzd yoOjlsmw s OdOdzsddyds = 9B dzdL
s mils O o ff HOZTEQ@o0sd G . , ts ) dzts o l8zis @ ) do\Gakdikibyfis O, B3{4,.6,7,.8 § mr |
(20%), 1,2,3,7,8,9] € M[(14%), 1,23,7,8 j mr(t4%) d [ m9p)y . ( L 8 dz®uimr2[, 3
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sOBdQYO HtsH jteyOded] I mrr/ A o fsysOn yYyomlsde = -
ZOL dz2OyJ dzd Vv dL WHDTE D066 -l NHEETEQo@c ; - ¢-TEQ/Q)

[ iMsstcOMf S5eBH jtey O} toj HY BAdZOG O dgja M dz¢C ©
Y mror /oA d fls ts \ daef Sn
Wi : SlstfHesd L 8 BH ,
Lo2 gg ézgziv Ml 3772168~ |1 ma  q -MTjdristey dz %’gg‘:h etal,
14 ftesdL o SHMIse O
1+ ¥ ¢ OMmdz, 7ok (PlessMulloli et
| jaedSsedl 272 L Efze al., 2001)
f odzind, A0 3,26:59* [ u) (Pirard et al., 2004)
ltejHftedwisdj
[ etso,d dadz ¢ 1,546** Htcj 8 J mddzr 1 m|(Harnlyetal., 2000
MY dcOIsj dzd ts1is
" ltojH cifftslBdc OB
dIstsC, B15de 1,916* Hig) o ) i (Harnly et al.,2000)
0,2-327 (Environment
¢ dze dzd v ( 3 H i DI Agency, 2007)
. 1,8710,45 (Van Overmeire et
1daztedr (@BJ H dBORO| al., 2009)
b o Mistc©dzq W 0,1211 "
(et mS d | ( djH i Dagd (Mller et al., 2004)
b o MistcO©dzd W 0,0274,2 i "
M/ o 0L o ( &) H i OBEC (Muller et al., 2004)
. i i (Schmid et al.,
Z9j2yotedw 1,1-2,4** 2005)
t d Mk dzd € C 0,07-2,21 i (Amirova and
t simmdw (34 H diCER) Shahtamirov, 2010
i (Hsu, ChenLiao,
v 029 Odz 0,502 0,624 2010)
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14 jlsdz@dg@ o j toc O ®fJf Mezy dedrs dzOydidsty o r h(8x0,05) O dzO dzts 6 d Y
L 20y § @visL W 2 ) is o @ZBD Mlls'd] s de@ifi®H o | te ¢ @eOndf & fod) dolifCek
on L W2 ffdpj®rj tadthls'd | Is ddudggavisevaet al, 2019; 2020 tc j H dzdz y j dz
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S stotsj dzv Yy dzCaiz] ? odsdg P Is j dz oizbskify Mk 330 tedets 2 € tsdzyj dzl
sHdZOC ¢ tsi @6 agrdgsidafjdo ™ hO@.dzd) ted 1 Istsd3 Hdzvw  sditgoe (
B dd®Ils Ols d s dg® i) §pefdd5) ( Is OB @) f @ dzO€ 5, 9 J totsvW Is dzts, .
LOodMmd di3sMmis: tsB0A M dateyj ddzs2O ¢l daspuriotisso déaficdy (Kenafigly 2 €
1982;Pollmanetal, 2014.

v OCdd3 tsHotg @Iztedl3,Is Ols T zOMmilstsw h j ¢t d fipfifsidi ] Hits B 8Orddg
ddzls j deffd o dztsfyls ! BdtdzO€C st dzj dad W dzd L C sh dztste tots 0 (
o' MSC B dzstedtotse Odzdz™ d3d o S kteddzr m wW2yOn
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U OB dzifBYyOs st WWdydg dzlst B bdseZD® dr1f dirj @zd ¢ ts dielzb dzj &5 & dat
BjHGOddz" | L d&zOYj ded™ ©OMMudlsOd BjL kyjko ctw
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9 —~ T - So | NY
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i’i’\?r’gr 6,08 5,06 | 0,29 076 |613 459 |54 111|189
12378 |49 77 |o034 077 |74 386 |76 141 | 347
1§ mrr
123478 404 3,09 | 026 0,71 | 826 1,77 52 51 26,1
LSmrr
123678 |47 3.67 | 026 057 | 114 |278 |36 45 142
LEmrro
123789 |,5; 142 |014 037 |45 133 |12 2 2.7
LSmrr
1234678 15, 0,658 | 0,08 033 |235 |04 08 06 2.9
Lymrr
[mr T 0,75 0172 | 0,05 014 | 074 |018 |04 03 0.7
23,78 139 718 | 027 062 |10 333 |06 21 8.7
UM[ A
12378 | ggg 566 | 089 NA | 131 |23 03 1 3.6
} A mr A
12’3.’4’7’8 9.8 325 |234 089 |129 |198 |193 9.7 201
i mr oA
123478 | 608 325 | 069 080 |993 |094 |98 48 353
1 Smr A
123,6,7.8 | 45g 278 | 054 067 |125 |11 9,6 46 61,2
1 Smr A
234678 | 45 1,98 | 035 047 |825 |095 |201 |49 403
1 Smra
123,789 |53 271 | 018 NA | 197 |016 | NA NA NA
L1 Smr A
1234678 44 0,616 | 0,08 030 |277 |o024 |15 06 2.8
Limra
1234,7.89| 4 45 0730 | 0,11 035 | 456 |019 |28 16 6.6
Lymra
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v OB dztphag @1 W W d Yy ds j dzf g dodiz O dzCn iy cy GifiztiztizY) | dzlsited®py] g 2
fsyed (fc6/¢) d SCsi@Wdydd eeOMWE J dzdets Bz0 oz jipodz(
9T Hjdzj dzr CtcpwWdEQngjjdigsy &3 d3j dz# h j 0, 05.

S tsdzG § dzj t6 s

2,3,7,806 M1 1 -0,36
1,2,3,7,8 j mr v -0,51
1,2,34,7,8 & mr -0,43
1,2,36,7,8 S mr 1 -0,52
1,233,789 S mr 1 -0,46
12,346,778 § m [ -0,60
Imrr -0,60
2,3,7,86 m[ A -0,26
1,2,3,7,8 J m[ A -0,39
234,78 i m[ A -0,38
1,2,3,4,7,8) € my A -0,29
1,2,3,6,7,8 S m1 A -0,38
2,3,46,7,8 ¢S m1 A -0,28
1,2,3,7,89 € my A -0,27
1,2,3,4,6,7,8 f m A -0,28
1234789 § m[ A -0,39
I mr A -0,43

342.sstcte ] dzvdagief 2 OW@Baed tcy Odzedw I mrr/ A o W32y

10digE @ JL sBtcOy j 20O L Qo dimd dzsfls sBh jets 1 Co
w2yOn ls tsBh jets + Codo Odzj dzls O des € i ls@atzthdsdfj dadfwy |
LOGtewW L dgjdad™w I mrr/ A wdy Skt dz0 MowsBtsHABAE o'
O dzO dzd L sB N j ds® 1IsCtseCdfirpd gty Is d Mk 330 tc das@ 3 T f5 dza
CtsdzG j dzj tots® d Ctsdayd dzls tc Oy fizj S jOdgda'tse 5 € t5fdze | @dzj B
Msslse jIsMisezs h dr §ftsye On .
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BJL EZyjlO cettewyj?2 bkySde o Stz 1" kzdztsdzc ¢

stLWWdydj dads &6t g d dnkz kigodedusy J § <u&j B dad
Ymror/ A 9 w2yoOn Skt dzO MmMotsBtsHdAd o 6 kzdzjp<g0lp fr
O CS1 WWdydj dzas S stetej dzv ydd e 0,62¢0:0,00)C o9 d o Odzj dzgls ©

ststetej dzv y@lpedetf 2 S deyg dzlstcOyd?2 o dzH dhg ¢ H &EOW dfiad
H 5 s Ol daztizls ©Is d ) s dde@Q \frlogfizm B8 1 | to oGy (L © d & dzs .
12378 jmp§st WW dydJ dzls HCE tstls sdgytsypisfO o d d46) @ 2 ¢ ©E &0
Mo sB o dztsMperftstslso j sMif s s O Fryl® @ B dzOWszz YL B j A Isfip W L !
B' da@ j dZig kOB s Ols d fla doa@iiegi2’ € &) iz € tsdee § dgj APTS d -
vmr A 123478 S mrp, AL236,7.8 ¢ mp, A2,3,4,6,7,8 ¢ mr1 AL23,46,7.8 | mr A
1,2,3,4,7,8,9 § m (Kudryavtsevaet al., 2020).J Is iz Is f§ isdedsjj dptsuid] dic dd&) RdsMs s to
WEZtcOdgtsy j Is yOfMmldnfaydss Mg ieMsdzj j o MsC d d3d MDeasdds fiy
Birnbaum Matthews, 1981; Olling et al., 1991; Slob et al., 19950 i @< ® yd3ydmftsiw d dzw
fsysjdedzg' » Y dJotkbjeith n . @Y o HBYHJjo' A yYjtow
MrsHjdz M ftesWddzjds 9 ftsyesOn, bseHO COC ftotsWd
(Henriksson et al., 2017) (M j ®GHdts?2 ftodyddts? d&tsyils Mmdzizyd
dzj f sftcj HMiso J dzdish iz dg VRO ifSE @R Hdzv sMmMetsj dedw,
L 5,BjOC f O jdodztsh OjIs dr MH jtey Odzdj o ftsyoe On.
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[ B dzOtly j dzdzOW flsOlsdfisdyj MSd L &zOydBow fow
Mz B3BOtcdets? Ctsdeyj delsteOydd I mrr/ A, O @S jdzjSetisdzy j
d Metlss jlshiss b i Sk teqp AL Of OL sdzj dzj C 5 dzls to 5 dzd te
odzdw e h o dzO® GMse | dedzsflsd B asdEOL s dizj i B ks s &t ¢
SkteOy jdzdd w2yOdd Skt O Mot sHSH HT ' cHzdlg S fird
[HEOSE ftedyuddy GlsMmizlshissdy ddd fdokEBd ke tjcdd b
Isd Mdzts?2 MmowiL d BjNHE LIOEY d'dej 2] I$ &3 1 I @ dzif O tf Ks@id ¢f
fOtO®Rjster COC OLEjt EyOmiss o, Ctsddylsilys f st
Ok SCstdkO, (SESHO Skt

v O apO sis3 . W W o & 5 tizte § " defi3RIdzOL s dzy | dzlste®nyl 9 5y afO =
W2 YDEde®) o 5B o 'daskddjte dz’ d3 o " H J dzj dz  [Susdz@ v jddgd ) dzlsd3] O

S sdzG § dz te rs

2,3, 7,86 m[ T 0.66
123,78 J mr 1 0,46
1,234,78 S mr 1 0,8
1,2,3,6,7,8 & mr t 0,81
12,3789 S mr 1 0,80
12,346,778 § mr 1 0,83
{mrr 0,63
2,3, 7,806 m[ A 0,38
12,378 J m A 0,23
2,3,4,7,8 J m[ A 0,31
12,3478 S M1 A 0,35
1,2,3,6,7,8) S m A 0,46
2,3,46,78 €S mr A 0,48
12,3789 S m1 A 0,3
1,2,3,46,7,8 § m[ A 0,48
1,2,34789 § m A 0,44
I mra 0,22
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343. utc Qo dzjtfadgW ddzj 2 I mmrp/ A o ftsysOn d W2
9" ¢ lzdzj

[ dzv Mty sMlsOo dzj dzedw  tetsW d dzj 2 Btsdz' htsegts € t5dz
fisOlsdmisdud Mcdd &ibstsn", o YOisdagnissiydBLBEm | dz
ftosW § degf /jn o SYHO®R 2 y Onlz dgti@E)] dpls dzO 6 dzvy rlatits ) Is ta OE HAsjdiEs d3 4 t
dMm¢ O] ded § dfnBHdSES f & Uo fodadziz dzts s O K-fipsti § a2zt «
B d 5dzOS ts fudf) Sopffy t6 Q LY Is 0 J to X fHtD)] Hstiine dztsy g tfizef  dfigie O o dzj d
f oty § tizize | a2 BLu@rtc s W d gz dge d ol bipls B g apii j € 56 tc j (Méysiaty
Dack, 2011)s tetsd3j Istséts, tsBtOh Osls dzO MmjBwW 9 dad B3Od2d j
stsyj & klsySmstslse jIlsMlsealkzs h dj ftesBOd dL cCeBtew Yy
(tcO2Bdz 1" zdzsdz@ ) . vOCts] drn ftdsyjdd) FBBbWid?
ormMmsCddy o CdOMmtsls. 2, 3, 7, 8
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tcOLdzdydjdz o ktetsoe dzj L Oc tozts dgdzj filp fiyls Qoasjyo I mrd
AL W2 miqofOsfIf sdz! € Iz d dzls | dzld o dzts M ls ¢ B sdzOC
MHjtey OdedwY I mrr/ A o ftsyej

dzj sHdzstetsH detsls & L PEjou j dzp Fedsts v Rts)dsm 'O o
ZOdzdydj &3 Hisf sdzdedIsj dz' dzr = dMmlstsydzd S s9 1 My 1
tcOL dzdydw a&sd o MmMot2MmMlsa ®rn Htsye dBjYHE EYyOMmis!
cOL &zdydid3 o bEfmdtseadwr MBHjtey OdzdWH A t®,'d Gl
Ctsdzd yJ Mlse s tsfite sy & dzy didh Js o @iilztdzON'raag Hoogenboom,
2007)

tcOL dzdydvw a&sd o Cotoditse tsd3 { (Bradgrssgndiprdiniezgern, 2aD1; {f
Schitz Jensen, 2001)
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l todsls B WidgjdgiW J S M totsb OB Pt O RBS O S tc tKHAAE s MtsB j dzdzts
ZidzB g §tsH j to)yO@f)T dzt y jdeaigddr 6 Is & §) ® ts B 5 HeadztsAizfiziz 1 IS 5 d3
E mils O dzte adzff 1o ‘izt fy dzd s tegVrO C Is gt 88 ] H s O o tey R fipds EHy € OMO
f syo J dzdz" n Mo s2 Milse , ss ftiHf s5&ZOEOj Ismw, Yls s
ftoj ddizlzh J Mis & dzglzts y Aded W ) dzd~ fJdtesej dedetsets EkG dz
fMtsH j to) Odzd j ORstel dese s st Odedyj Mitsets ojhjMmise
mMih j Mise j dzdzetdutn ebatizd02zd W

] sdi3d 35§ sydgre A RO ddetc f lis@isyz jfH Aaftsts dagiad IsG) tsits diz"
f syo J dedz" d&3d ppocodeddddz ffyfd ¢ Odzedwy  dzO@ bk yOfmils¢j BT Istso
slshcsHdEBL , d@OIsj @6 d&Has o Hezvw YOk defis d Mg OB tsls O
fJdzlsOn dzsteW J detsdzsd3 d dzd ) (PiskorskdRisfczyitskadet a. @6k © tggl dzd Is
dzO dzg 8@ S W B Y s dzdzd Is § dz! dz" &S >l dtis s ubof o dage@qftc § H § dzj dad ¥
Imror/ n odzzlstcd ctikzftf M Hds2Y XNQA j dz f)ts & l6zs jolf fig
1 5 ¢ t5dD 1S dzd o] o L eRSqEi3d u 4 nff st 2y ddo dsdalésjddzfn o 8 dets i § 5§ oz
B4 A G lsdze | da) e®RE " 52 Chplufiifidisded] o diasfte d te tstolidzd O L dzd u d
2,3,7,8L Od3j N j dAlAs dgef j dzjntc Osidd dzO 6 tso 52 Misy §J de ¥ - dzts to
LSMmrrekplzls d3j d Mg, U B3 teOLdis(dacgisdy) d3te P H gl (el
- zts to d tc tftda@ededarer, LindigShe, 1991 1 fmisOIls j d [  eMg@da@®ack 2011)
Bf dzts ftetso jHjdets MteOoadgj dedjy GJesWddzj2 4 SEmrr/ a (
CtsdzG j dzgj 6O dzstedzdtetso Odzd dzO Mz BAd3Otedzlzs € tsday J dzls te (
wIyOn Cktt dzO0 MosBBHMER 9"ckzdzj d f§ftye Or, dded
. ke ddujddjd slsdsihy67E dascsts o f) @ @j dzd © M
[ BdOtlzy jdedz" 2 @ MHodG, syJj o dH dats, MevwL Odz f tOL
fsmMCsd Ckz Co B dzQ 9 5 le@hdi ™ H 2 Ctsdzc § dzj 6 O d3q fn
nZttcd tcts o0 B e dzdgtspdsdz iy y J o3 (Birardi BeCPauw,02008; Kudryavtseva,
ShelepchikoyBrodsky, 202).

] ZOMlsswh jd3 dMmMMmdzj Hise Odedd ISOC Y, COC fJtOo
slsdzsmdlsj dz! des ff tetsW d dzw ) fsye On ) Mststetsdzze €
BdsdzOS STARZTRI Y mr 1 o §fy dds\OG jdzts t6 o tstsizs Q Al &F /8 ¢ mr
Mdzlz giOGiMO R dzstedtetso Odzdzy  md 1 1 9 2 MR 4pOGE.J B8 Bddzr -~ ¢
1 Ged MBDBE] 9 ted o j HY do" 1 ted d3if t5'H ts1 fizd cizte Gt e ds’ o3zl § to te
wWIyOn Bldtshdlsj d das f ioddy & o g Mf8ikiwotdrO dzdzr = dzO
zOB €20 ] s fyw MHeoadg ftotsW d dzv , dzJ mMetslse jIsMmise 2t
BdcsdzOC s dzj dad Vv , Yylsts dBsy il ModHjlsj dz Mlseo s Ols
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